REMARKS 
Amendments 

Claims 1-39, 51 and 52 have been canceled, and claims 40-50, 53, 56 and 57 have been 
amended. Upon entry of the amendment, claims 40-50 and 53-57 will be pending. 

The specification has been amended to update cited application information. Previously 
cited U.S. Patent Application Ser. No. 08/971,310, filed November 17, 1997 (and now 
abandoned) was converted to 60/684,194, on which issued US patent no. 6,815,185 depends as a 
priority application filing. The amendment does not recite new matter as the only document 
incorporated by reference is the disclosure of the originally cited 08/971,310 application. US 
patent no. 6,815,185 is only being cited as a publicly available document which contains the 
disclosure of the '310 application. 

Rejections 

Rejections under 35 U.S.C. § 101 

The Examiner has rejected claims 39-50 and 53-57 because the claimed invention is 
allegedly not supported by either a specific or substantial asserted utility or a well-established 
utility for the reasons of record. 

Applicant does not agree. Amended claim 53 is drawn to a transgenic mouse whose 
genome comprises a null allele of the endogenous mCAR2 gene. 



L The Utility Requirement 

According to 35 U.S.C. § 101, "[w]hoever invents . . . any new and useful . . . 

composition of matter may obtain a patent therefore. ..." 

Under the Patent Office's Utility Requirement Guidelines: 

If at any time during the examination, it becomes readily apparent that the 
claimed invention has a well-established utility, do not impose a rejection based 
on lack of utility. An invention has a well-established utility if (i) a person of 
ordinary skill in the art would immediately appreciate why the invention is usefiil 
based on the characteristics of the invention (e.g., properties or applications of a 
product or process), and (ii) the utility is specific, substantial, and credible. 
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If the applicant has asserted that the claimed invention is useful for any particular 
practical purpose (i.e., it has a "specific and substantial utility") and the assertion 
would be considered credible by a person of ordinary skill in the art , do not 
impose a rejection based on lack of utility . 

(emphasis added)(MPEP § 2107, II (A)(3); II (B)(1)). Thus, according to Patent Office 
guidelines, a rejection for lack of utility may not be imposed where an invention has a well- 
established utility or is useful for any particular practical purpose. The present invention 
satisfies either standard. 

The standard for " credible " is defined as: 

. . . whether the assertion of utility is believable to a person of ordinary skill in the art 
based on the totality of evidence and reasoning provided. An assertion is credible unless 
(A) the logic underlying the assertion is seriously flawed, or (B) the facts upon which the 
assertion is based are inconsistent with the logic underlying the assertion. 

(MPEP 2107.02, III(B)(emphasis added). 

According to the Patent Office's own guidance to Examiners: 

Longer and subsequent cases direct the Office to presume that a statement of utility made 
by an applicant is true , [citations omitted] . . . Clearly, Office personnel should not begin 
an evaluation of utility by assuming that an asserted utility is likely to be false. 

Compliance with 35 U.S.C. 101 is a question of fact [citations omitted]. Thus, to 
overcome the presumption of truth that an assertion of utility by the applicant enjoys, 
Office personnel must establish that it is more likely than not that one of ordinary skill in 
the art would doubt (i.e., "question") the truth of the statement of utility . ... To do this, 
Office persoimel must provide evidence sufficient to show that the statement of asserted 
utility would be considered "false" by a person of ordinary skill in the art. 

(MPEP 2107.02, III(A)(emphasis added). 

Rejections under 35 U.S.C. 101 have been rarely sustained by federal courts . 

Generally speaking, in these rare cases , the 35 U.S.C. 101 rejection was sustained either 
because the applicant failed to disclose any utility for the invention or asserted a utility 
that could only be true if it violated a scientific principle, such as the second law of 
thermodynamics, or a law of nature , or was wholly inconsistent with contemporary 
knowledge in the art. In re Gazave, 379 F.2d 973, 978, 154 USPQ 92, 96 (CCPA 1967). 
Special care therefore should be taken when assessing the credibility of an asserted 
therapeutic utility for a claimed invention. In such cases, a previous lack of success in 
treating a disease or condition, of the absence of a proven animal model for testing the 
effectiveness of drugs for treating a disorder in humans, should not, standing alone, serve 
as a basis for challenging the asserted utility under 35 U.S.C. 101 . 
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(MPEP 2107.02, III(B)(emphasis in original and added). The Guidelines additionally 



provide that: 

There is no predetermined amount or character of evidence that must be provided by an 
applicant to support an asserted utility, therapeutic or otherwise. Rather, the character 
and amount of evidence needed to support an asserted utiHty will vary depending on what 
is claimed (citations omitted), and whether the asserted utility appears to contravene 
established scientific principles and beliefs , (citations omitted). Furthermore, the 
a pplicant does not have to provide evidence sufficient to estabHsh that an asserted utility 
is true "beyond a reasonable doubt." (citations omitted). Nor must an applicant provide 
evidence such that it establishes an asserted utility as a matter of statistical certainty . 
Nelson v. Bowler, 626 F.2d 853, 856-57, 206 USPQ 881, 883-84 (CCPA 1980)(reversing 
the Board and rejecting Bowler's arguments that the evidence of utility was statistically 
insignificant . The court pointed out that a rigorous correlation is not necessary when the 
test is reasonably predictive of the response). 

(MPEP 2107.02, VII)(emphasis added). 

Thus, according to Patent Office guidelines, a rejection for lack of utility may not be 
imposed where an invention has a well-established utility or is useful for any particular practical 
purpose. An assertion of utility is presumed to be true . The burden is on the Examiner to show 
that one of ordinary skill would find the asserted utility to be false. The present invention 
satisfies either standard. 

The present invention has a well-established utility since a person of ordinary skill in the 
art "would immediately appreciate why" knockout mice are useful. As a general principle, 
knockout mice have the inherent and well-established utility of defining the function and role of 
the disrupted target gene , regardless of whether the inventor has described any specific 
phenotypes, characterizations or properties of the knockout mouse. The sequencing of the 
human genome has produced countless genes whose function has yet to be determined. 

According to the National Institute of Health, knockout mice represent a critical tool in 

studying gene function: 

Over the past century, the mouse has developed into the premier mammalian 
model system for genetic research . Scientists from a wide range of biomedical 
fields have gravitated to the mouse because of its close genetic and physiological 
similarities to humans, as well as the ease with which its genome can be 
manipulated and analyzed. 

In recent decades, researchers have utilized an array of innovative genetic 
technologies to produce custom-made mouse models for a wide array of specific 
diseases, as well as to study the function of targeted genes . One of the most 
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important advances has been the ability to create transgenic mice, in which a new 
gene is inserted into the animal's germline. Even more powerful approaches, 
dependent on homologous recombination, have permitted the development of 
tools to "knock out" genes, which involves replacing existing genes with altered 
versions ; or to "knock in" genes, which involves altering a mouse gene in its 
natural location. To preserve these extremely valuable strains of mice and to 
assist in the propagation of strains with poor reproduction, researchers have taken 
advantage of state-of-the-art reproductive technologies, including 
cryopreservation of embryos, in vitro fertilization and ovary transplantation. 

( http://www.genome.gov/pf^.cfm?pageid=10005834 )(emphasis added)(copy attached). 
Thus, the knockout mouse has been accepted by the NIH as the premier model for determining 
gene function, a utility that is specific, substantial and credible. 

Knockout mice are so well accepted as tools for determining gene function that the 

director of the NIH Chemical Genomics Center of the National Human Genome Research 

Institute (among others, including Capecchi, Bradley, Joyner, Nagy and Skames) has proposed 

creating knockout mice for all mouse genes: 

Now that the human and mouse genome sequences are known, attention has turned 
to elucidating gene function and identifying gene products that might have therapeutic 
value. The laboratory mouse (Mus musculus) has had a prominent role in the study of 
human disease mechanisms throughout the rich, 100-year history of classical mouse 
genetics , exemplified by the lessons learned from naturally occurring mutants such as 
agouti, reeler and obese. The large-scale production and analysis of induced genetic 
mutations in worms, flies, zebrafish and mice have greatly accelerated the understanding 
of gene function in these organisms. Among the model organisms, the mouse offers 
particular advantages for the study of human biology and disease: (i) the mouse is a 
mammal, and its development, body plan, physiology, behavior and diseases have much 
in common with those of humans; (ii) almost all (99%) mouse genes have homologs in 
humans; and (iii) the mouse genome supports targeted mutagenesis in specific genes by 
homologous recombination in embryonic stem (ES) cells, allowing genes to be altered 
efficiently and precisely . 

A coordinated project to systematically knock out all mouse genes is likely to be of 
enormous benefit to the research community , given the demonstrated power of knockout 
mice to elucidate gene function , the frequency of unpredicted phenotypes in knockout 
mice, the potential economies of scale in an organized and carefully planned project, and 
the high cost and lack of availability of knockout mice being made in current efforts. 

(Austin et al., Nature Genetics (2004) 36(9):921-24, 921)(emphasis added)(copy 
attached). 
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With respect to claims drawn to transgenic mice having a null allele, the following 
comments from Austin are relevant: 

Null-reporter alleles should be created 

The project should generate alleles that are as uniform as possible, to allow efficient 
production and comparison of mouse phenotypes. The alleles should achieve a balance 
of utility, flexibility, throughput and cost. A null allele is an indispensable starting point 
for studying the function of every gene . Inserting a reporter gene (e.g., P-galactosidase 
or green fluorescent protein) allows a rapid assessment of which cell types normally 
support the expression of that gene. 

(p. 922)(emphasis in original, emphasis added). 

Research tools such as knockout mice are clearly patentable, as noted by the Patent 

Office: 

Some confusion can result when one attempts to label certain types of inventions 
as not being capable of having a specific and substantial utility based on the 
setting in which the invention is to be used . One example is inventions to be used 
in a research or laboratory setting. Many research tools such as gas 
chromatographs. screening assays, and nucleotide sequencing techniques have a 
clear, specific and unquestionable utility (e.g.. they are useful in analyzing 
compounds) . An assessment that focuses on whether an invention is useful only 
in a research setting thus does not address whether the invention is in fact "useful" 
in a patent sense. Instead, Office personnel must distinguish between inventions 
that have a specifically identified substantial utility and inventions whose asserted 
utility requires further research to identify or reasonably confirm. Labels such as 
"research tool," "intermediate" or "for research purposes" are not helpful in 
determining if an applicant has identified a specific and substantial utility for the 
invention. 

(MPEP § 2107.01, 1). As with gas chromatographs, screening assays and nucleotide 
sequencing techniques, knockout mice have a clear, specific and unquestionable utility (e.g., they 
are useful in analyzing gene function), one that is clearly recognized by those skilled in the art. 

For example, according to the Molecular Biology of the Cell (Albert, 4^^ ed.. Garland 
Science (2002)) (copy of relevant pages attached), one of the leading textbooks in the field of 
molecular biology: 

Extensive collaborative efforts are underway to generate comprehensive libraries of 
mutation in several model organisms including ... the mouse. The ultimate goal in each 
case is to produce a collection of mutant strains in which every gene in the organism has 
either been systematically deleted, or altered such that it can be conditionally disrupted. 
Collections of this type will provide an invaluable tool for investigating gene function on 
a genomic scale. 
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(p. 543)(emphasis added). 

According to Genes VII (Lewin, Oxford University Press (2000)) (copy of relevant pages 

attached), another well respected textbook in the field of genetics: 

The converse of the introduction of new genes is the ability to disrupt specific 
endogenous genes. Additional DNA can be introduced within a gene to prevent its 
expression and to generate a null allele. Breeding from an animal with a null allele can 
generate a homozygous "knockout", which has no active copy of the gene. This is a 
powerful method to investigate directly the importance and function of the gene . 

(p. 508)(emphasis added). 

According to Joyner (Gene Targeting: A Practical Approach, Oxford University Press 

2000) (copy of relevant pages attached),: 

Gene targeting in ES cells offers a powerful approach to study gene function in a 
mammalian organism . 

(preface)(emphasis added). 

According to Matise et al. {Production of Targeted Embryonic Stem Cell Clones in 
Joyner, Gene Targeting: A Practical Approach, Oxford University Press 2000)(copy of relevant 
pages attached): 

The discovery that cloned DNA introduced into tissue culture cells can undergo 
homologous recombination at specific chromosomal loci has revolutionized our ability to 
study gene function in cell culture and in vivo . . . . Thus, applying gene targeting 
technology to ES cells in culture affords researchers the opportunity to modify 
endogenous genes and study their function in vivo , 

(p. 101)(emphasis added). 

According to Crawley (What's Wrong With My Mouse Behavioral Phenotyping of 

Transgenic and Knockout Mice, Wiley-Liss 2000) (copy of relevant pages attached): 

Targeted gene mutation in mice represents a new technology that is revolutionizing 
biomedical research . 

Transgenic and knockout mutations provide an important means for understanding gene 
function , as well as for developing therapies for genetic diseases. 

(p. 1, rear cover)(emphasis added). 
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2. Well-Established Utility 



According to 35 U.S.C. § 101, "[wjhoever invents . . . any new and useful . . . 

composition of matter may obtain a patent therefore. ..." 

Under the Patent Office's Utility Requirement Guidelines: 

If at any time during the examination, it becomes readily apparent that the 
claimed invention has a v^ell-established utility, do not impose a rejection based 
on lack of utility. An invention has a well-established utility if (i) a person of 
ordinary skill in the art would immediately appreciate why the invention is useful 
based on the characteristics of the invention (e.g., properties or applications of a 
product or process), and (ii) the utility is specific, substantial and credible . 

Applicant submits that in light of arguments of record, a person of ordinary skill in the art 
would immediately appreciate why the invention is useful. Thus, it cannot be reasonably 
debated that a person of ordinary skill in the art would not immediately appreciate why the 
invention is useful: for determining gene function. 

J. Substantial Utility 

The Examiner argues that the asserted utilities are not substantial (p. 3). 

According to the MPEP: 

A "substantial utility" defines a "real world" use. Utilities that require or 
constitute carrying out further research to identify or reasonably confirm a "real world" 
context of use are not substantial utilities. ... the following are examples of situations 
that require or constitute carrying out further research to identify or reasonably confirm a 
"real world" context of use and, therefore, do not define "substantial utilities": 

(A) Basic research such as studying the properties of the claimed product itself or 
the mechanisms in which the material is involved; 

Office personnel must be careful not to interpret the phrase "immediate benefit to 
the public" or similar formulations in other cases to mean that products or services based 
on the claimed invention must be "currently available" to the public in order to satisfy the 
utility requirement . See, e.g., Brenner v. Manson, 383 U.S. 519, 534-35, 148 USPQ 689, 
695 (1966). Rather, any reasonable use that an applicant has identified for the invention 
that can be viewed as providing a public benefit should be accepted as sufficient, at least 
with regard to defining a "substantial" utility . 

(MPEP § 2107.01 I)(emphasis added). 
The MPEP additionally provides: 
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Office personnel must distinguish between inventions that have a specifically 
identified substantial utility and inventions whose asserted utility requires further 
research to identify or reasonably confirm . Labels such as "research tool," 
"intermediate" or "for research purposes" are not helpfiil in determining if an 
applicant has identified a specific and substantial utility for the invenfion. 

(MPEP § 2107.01, 1). Thus, the cited portions of the MPEP guidelines relate to the 
situation where further research is required to establish or confirm any utility. Such is not the 
case here. Knockout mice have a well-known use in the study of gene function. In the present 
case, the present invention does not require further research to establish a utility. Applicant has 
provided an in vivo model for studying the function of the mCAR2 gene. Applicant has also 
determined that the gene is associated with, for example, a thymus and spleen abnormality. The 
Applicant has provided an immediate benefit to the public. Whether additional research is 
required to identify drugs capable of targeting the gene is irrelevant to whether the claimed 
invention has satisfied the utility requirement (see, for example, In re Brana, " Usefulness in 
patent laws . . . necessarily includes the expectation of further research and development .") 

Commercial use and acceptance is an important indication that the utility of an invention 
has been recognized by one of skill in the art ("A patent system must be related to the world of 
commerce rather than to the realm of philosophy." Brenner v Manson, 383 U.S. 519, 148 
U.S.P.Q. 689, 696 (1966)). Commercial use of the knockout mice produced by Assignee 
Deltagen has been clearly established. The claimed mouse has been extensively analyzed using 
the tests set forth in the Examples. This data has been incorporated into Deltagen' s commercial 
database product, DeltaBase. This database has been subscribed to by at least three of the 
world's largest pharmaceutical companies, Merck, Pfizer and GSK. In addition, at least one (1) 
large pharmaceutical company has ordered the presently claimed mouse . This acceptance more 
than satisfies the practical utility requirement of section 101 as it cannot be reasonably argued 
that a claimed invention which is actually being used by those skilled in the art has no ^*real 
world" use , (see, for example, Phillips Petroleum Co. v. U.S. Steel Corp., 673 F. Supp. 1278, 6 
U.S.P.Q.2d 1065, 1 104 (D. Del. 1987), affd, 865 F.2d 1247, 9 U.S.P.Q.2d 1461 (Fed. Cir. 
1980)("lack of practical utility cannot co-exist with infringement and commercial success); 
(Lipscomb's Walker on Patents, §5:17, p. 562 (1984)("Utility may be evidenced by sales and 
commercial demand.") 
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4. Specific Utility 

The Examiner states that the asserted uses are not specific (p. 3). 

According to the MPEP, "specific utiHty" means "specific" to the subject matter claimed 
as compared to a "general utility" that would be applicable to the broad class of the invention 
(MPEP 2107.01). Use of the mCAR2 -/- mouse to study the function of the mCAR2 gene and 
the association of the mCAR2 gene with, for example, thymus and spleen disorders, is specific to 
this mouse. Even if there were many other genes associated with these abnormalities, only an 
mCAR2 knockout mouse (as opposed to all other knockout mice) would be used to study the 
specific role of this gene in these conditions. The Examiner is respectfully requested to explain 
(1) how the asserted utility of characterizing the function of the MCAR2 gene would be 
a pplicable to all other knockout mice: and (2) how the asserted use of studying the association of 
the mCAR2 gene with spleen and thymus disorders would be applicable to all other knockout 
mice . The Examiner is requested to explain how all other knockout mice would be used to study 
the function of the MCAR2 gene. 

5, In re Brana 

Applicant submits that the legal principles as well as the facts of Brana are applicable to 

the present case. In Brana, the Board held that the applicant's specification failed to disclose a 

specific disease against which the claimed compounds were useful. The Federal Circuit reversed 

and held that the mouse tumor model represented a specific disease against which the 

compounds were effective. In the present case, the Examiner has argued that Applicant failed to 

demonstrate a link in humans between the mCAR2 gene and any of the recited phenotypes. It is 

Applicant's position that a mouse demonstrating, for example, lymphoid depletion, is sufficient 

to establish the animal's use as a model for thymus disorders. As in Brana, confirmation of the 

phenotype in humans is unnecessary. In Brana, the PTO was aware of the asserted use against 

the mouse tumor lines but did not find the use specific - as in the present case: 

Applicants' specification, however, also states that the claimed compounds have 
"a better action and a better action spectrum as antitumor substances" than knovm 
compounds, specifically those analyzed in Paull. As previously noted, see supra note 4, 
Paull grouped various benzo [de]isoquinoline-l,3-diones, which had previously been 
tested in vivo for antitumor activity against two lymphocytic leukemia tumor models 
(P388 and LI 2 10), into various structural classifications and analyzed the test results of 
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the groups (i.e. what percent of the compounds in the particular group showed success 
against the tumor models). Since one of the tested compounds, NSC 308847, was found 
to be highly effective against these two lymphocytic leukemia tumor models, 14 
applicants' favorable comparison implicitly asserts that their claimed compounds are 
highly effective (i.e. useful) against lymphocytic leukemia. An alleged use against this 
particular type of cancer is much more specific than the vaguely intimated uses rejected 
by the courts in Kirk and Kawai. See, e.g., Cross v. lizuka, 753 F.2d at 1048, 224 
USPQ at 745 (finding the disclosed practical utility for the claimed compounds - the 
inhibition of thromboxane synthetase in human or bovine platelet microsomes - 
sufficiently specific to satisfy the threshold requirement in Kirk and Kawai.) 

The Commissioner contends, however, that P388 and L1210 are not diseases 
since the only way an animal can get sick from P388 is by a direct injection of the cell 
line. The Commissioner therefore concludes that applicants' reference to Paull in their 
specification does not provide a specific disease against which the claimed compounds 
can be used. We disagree . 

{Brana at 1440). The court went on: 

The ultimate issue is whether the Board correctly applied the Section 1 12 Para.l 
enablement mandate and its implicit requirement of practical utility, or perhaps more 
accurately the underlying requirement of Section 101 , to the facts of this case. As we 
have explained, the issue breaks down into two subsidiary issues : (1) whether a person of 
ordinary skill in the art would conclude that the applicants had sufficiently described 
particular diseases addressed by the invention , and (2) whether the Patent Act supports a 
requirement that makes human testing a prerequisite to patentability under the 
circumstances of this case. 

The first subsidiary issue, whether the application adequately described particular 
diseases , calls for a judgment about what the various representations and discussions 
contained in the patent application's specification would say to a person of ordinary skill 
in the art . We have considered that question carefully, and, for the reasons we explained 
above in some detail, we conclude that the Board's judgment on this question was 
erroneous . Our conclusion rests on our understanding of what a person skilled in the art 
would gather from the various art cited, and from the statements in the application itself 
We consider the Board's error to be sufficiently clear that it is reversible whether viewed 
as clear error or as resulting in an arbitrary and capricious decision. 

The second subsidiary issue, whether human testing is a prerequisite to 
patentability, is a pure question of law: what does the practical utility requirement mean 
in a case of this kind. Under either our traditional standard or under the APA standard no 
deference is owed the Agency on a question of law, and none was accorded. 

If the question concerning the standard of review, raised by the Commissioner, is 
to be addressed meaningfully, it must arise in a case in which the decision will turn on 
that question, and, recognizing this, the parties fiilly brief the issue. This is not that case. 
We conclude that it is not necessary to the disposition of this case to address the question 
raised by the Commissioner; accordingly, we decline the invitation to do so. 
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{Brana at 1443-44). The court's position is reflected in the MPEP: if an " assertion would 
be considered credible by a person of ordinary skill in the art , do not impose a rejection based on 
lack of utility " (MPEP § 2107, II (A)(3); II (B)(1)). If it is well known to those skilled in the art 
that knockout mice are useful for studying gene function, then those skilled in the art would 
certainly regard such use as credible, specific and substantial. Nothing more is required to 
satisfy the statutory requirement. Applicant submits that, as in Brana, one skilled in the art 
would find the asserted use credible, substantial and specific. 

In Brana, the court found a mouse with an implanted murine tumor to represent a specific 
disease. Applicant submits that the claimed mouse having with a null mCAR2 gene and 
demonstrating thymus and spleen disorders, likewise represents a specific disease. 

6. Additional Examiner Arguments 

The Examiner argues that the claimed mice do not provide a definitive answer on the 
function of the mCAR2 gene. 

Applicant is not claiming the mCAR2 gene. Applicant is claiming a mouse having a null 
mCAR2 gene. An absolute correlation is not required for patentability purposes, only a 
reasonable one. As held by the CCPA: " Nor must an applicant provide evidence such that it 
establishes an asserted utility as a matter of statistical certainty ." (Nelson v. Bowler, 626 F.2d 
853, 856-57, 206 USPQ 881, 883-84 (CCPA 1980)). As cited above, phenotypes observed in 
mice do correlate to gene function (Doetschman, Laboratory Animal Science 49:137-143, 137 
(1999)). 

The Examiner cites Bowery for the proposition that knockout mice do not have a well- 
established utility for determining gene function because knockout mice do not necessarily 
reveal the function of the knocked out gene (page 1 1). 

Bowery is clearly unsupportive of the Examiner's position. For example, Bowery 
discusses use of hot-plate, tail-flick and paw pressure protocols to evaluate acute pain behavior 
in GABA-Bl null mutant mice. Based on the reported data, Bowery concludes "it is likely that 
GAB A-B -mediated effects do indeed exert a tonic control of nociceptive proceses in the naive 
animal" (p. 255, col. 2). Thus, Bowery supports the utility of knockout mice in evaluating the 
role of GABA genes. 



15 



The Examiner cites Olsen for the proposition that the phenotype of the knockout mice 
"may" be a result of other genes compensating for the loss of the protein. 

First, the Examiner's argument is based on conjecture, not fact. Second, even if true, 
whether mCAR2 directly or indirectly causes these phenotypes is irrelevant - a drug targeting 
the gene would have the same effect - directly or indirectly. 

Third, Olsen is clearly unsupportive of the Examiner's position that such knockout mice 
have do not have a well-established utility. Olsen states that "gene targeting is useful in 
delineating the contribution of a given gene product to phenotypic characteristics" even though 
"some gene knockouts lead to embryonic or perinatal lethality, and others lead to no apparent 
phenotype" (emphasis added). In fact, even with respect to GABA genes, Olsen concludes that 
" the use of mutant and knockout mice has aided understanding of the roles of GAD and GABAR 
in the intact mammalian organism, with much promise for additional information to come " 
(Olsen at 91). Even with respect to mice having increased lethality, Olsen states: "[t]he y2 and 
p3 subunit knockouts are associated with early postnatal lethality but have nonetheless provided 
considerable new information about their importance, include relevance to neurodevelopment, 
synaptogenesis, and possibly human disease. The P3 is a strong candidate for involvement in the 
epilepsy and other phenotypic attributes of Angelman syndrome, a human genetic disorder 
characterized by mental retardation, seizures, motor incoordination, and sleep disturbances. The 
y2L knockout has allowed direct testing and negation of the selective subunit hypothesis for 
ethanol modulation of GABAR function. The 5 subunit knockout appears to provide information 
about the function of GABAR in adult cerebellum, dentate gyrus of the hippocampal formation, 
and the thalamus . GAD^, GABAR p3, and GABAR 5 subunit knockouts all exhibit 
spontaneous seizures, but of different sorts, confirming suspicions that GABAR malfunction 
might produce epilepsy by more than one mechanism and providing excellent animals models 
for investigation of the cause of the seizure phenotype ." (Olsen at 91-2). 

Olsen goes further: "[i]n summary, transgenic and knockout mice have demonstrated that 
GABA plays a major role in brain development , control of palate formation, and epileptogenesis 
via multiple mechanisms." (Olsen at 92). It is untenable to cite Olsen as standing for the 
proposition that knockout mice do not have a well accepted use. 

In the present case, the claimed mCAR2 null mouse in fact demonstrate phenotypes. 
Olsen would agree that such mice are clearly useful. 
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The Examiner argues that background and genetic factors may have an effect on 
phenotype. 

The specification and claims clearly recite the phenotypes were observed by comparing 
the claimed mice with wild-type control mice. It is well known in the art to compare the 
transgenic mice with controls of the same background. Whether background has an effect on 
phenotype is irrelevant where the observed phenotypes are compared with mice of identical 
background. 

The Applicant notes that the Examiner has not cited any evidence that background affects 
non-behavioral phenotypes such as the recited thymus and spleen disorders. The Applicant 
reminds the Examiner that a claimed invention need only have a use to satisfy the utility 
requirement. 

With regard to Austin and the NIH citation, the Examiner argues that the references were 
published well after the present application was filed. 

The Examiner cites no legal support why Austin and the NIH should not be considered. 

The references are not being cited to support a post-filing assertion of utility. The goal of 

determining gene function is clearly set forth in the specification. Austin supports this statement. 

Moreover, courts have accepted post-filing activities to support an asserted utility. For example, 

in In re Brana, the application's filing date was June 30, 1988. The applicants relied on an 

affidavit submitted June 19, 1991 to provide evidence of the compounds activity, a date well 

after the filing date. The Federal Circuit noted: 

Enablement, or utility, is determined as of the application filing date [citations 
omitted]. The KluRe declaration, though dated after applicants filing date, can be used to 
substantiate any doubts as the asserted utility since this pertains to the accuracy of a 
statement already in the specification , [citations omitted] It does not render an 
insufficient disclosure enabling, but instead goes to prove that the disclosure was in fact 
enabling when filed (i.e., demonstrated utility). 

{Brana, n.l9). Thus, Austin and the NIH citation should have been considered by the 
Examiner as evidence supporting the utility of the claimed invention. 

As noted by the Examiner, Austin states knockout mice "can" be used to elucidate gene 
function. Therefore, the asserted use is credible. 

The Examiner cites Schoenwald for the proposition that providing evidence that a product 
was known in the art was not evidence that the product had patentable utility. 
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Schoenwald does not stand for the proposition cited by the Examiner. In fact, the utility 
requirement was not at issue. The case involved the novelty of a claimed composition that was 
described in a prior art reference. The court held that the reference need not recite a utility in 
order to anticipate the claimed composition. 

6. Summary 

In summary, Applicant submits that the claimed transgenic mouse, regardless of any 
disclosed phenotypes, has inherent and well-established utility in the study of the function of the 
gene, and thus satisfies the utility requirement of section 101. Moreover, Applicant believes that 
the transgenic mice are useful for studying mCAR2 gene function with respect to the cited 
phenotypes, and are therefore useful for a specific practical purpose that would be readily 
understood by and considered credible by one of ordinary skill in the art. 

An assertion of utility is credible unless the logic underlying the assertion is seriously 
flawed, or the facts upon which the assertion is based are inconsistent with the logic underlying 
the assertion (MPEP 2107.02, 111(B)). The Examiner must provide evidence sufficient to show 
that the statement of asserted utility would be considered false by a person skilled in the art 
(MPEP 2107.02, 111(A)). The Examiner has failed to provide any facts or reasoning sufficient to 
establish that a person of ordinary skill would not believe Applicant's assertion of utility. 

In light of the arguments set forth above, Applicant does not believe that the Examiner 
has properly made a prima facie showing that establishes that it is more likely than not that a 
person of ordinary skill in the art would not consider that any utility asserted by the Applicant to 
be specific and substantial. {In re Brana; MPEP § 2107). 

Rejections under 35 U.S.C. § 112, paragraph 

Claims 39-50 have been rejected for lack of enablement, as the claimed invention 
allegedly lacks utility. As set forth above, it the Applicant's position the claimed invention 
satisfies the utility requirement and therefore one skilled in the art would clearly know how to 
use the invention. 

Withdrawal of the rejections is respectfully requested. 

Rejections under 35 US.C. § 112, paragraph 
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Claim 39-50 and 53-57 stand rejected as allegedly failing to comply with the written 
description requirement. 

The Examiner argues that "null mCAR2 allele" is new matter. 
Applicant disagrees. According to the Federal Circuit: 

The test for determining compliance with the written description requirement is whether 
the disclosure of the application as originally filed reasonably conveys to the artisan that 
the inventor had possession at that time of the later claimed subject matter, rather than the 
presence or absence of literal support in the specification for the claim language . 

In re Kaslow, 707 F.2d 1366, 217 USPQ 1089 (Fed.Cir.1983). The Applicants were 

clearly in possession of a mouse with a null allele of the endogenous mCAR2 gene. According 

to the specification, a "transgenic animal" is an animal that contains within its genome a specific 

gene that has been disrupted or otherwise modified or mutated by the method of gene targeting. 

"Transgenic animal" includes both the heterozygous animal (i.e., one defective allele and one 

wild-type allele) and the homozygous animal (i.e,, two defective alleles). The term "null" is well 

understood in the art as meaning ablating the function of that allele. For example, according to 

Genes VII (Lewin, Oxford University Press (2000)) (copy of relevant pages attached): 

The converse of the introduction of new genes is the ability to disrupt specific 
endogenous genes. Additional DNA can be introduced within a gene to prevent its 
expression and to generate a null allele. Breeding from an animal with a null allele can 
generate a homozygous "knockout", which has no active copy of the gene . This is a 
powerful method to investigate directly the importance and function of the gene. 

(p. 508)(emphasis added). Applicant submits that the written description requirement is 
clearly satisfied. 

The Examiner argues that the phrase "comprising exogenous DNA" is new matter. 
Applicant does not agree. However, the phrase has been deleted rendering the rejection 

moot. 

The Examiner argues that "selection marker" is new matter. 

Applicant does not agree. However, the phrase has been changed to selectable marker. 
Withdrawal of the rejections is requested. 

Rejection under 35 U.S,C. § 112, first paragraph 

Claims 39-50 and 53-57 stand rejected as allegedly indefinite. 
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The Examiner asserts that the term 'gene encoding mCAR2' in claim 39 is indefinite. 
The claim has been canceled rendering the rejection moot. 
The Examiner argues that the term mCAR2 allele is indefinite. 
Although Applicant does not agree, the term has been changed to mCAR2 gene. 
The Examiner asserts the term "null" in the context of the allele is indefinite. Applicant 
disagrees. 

In proper context, the claim encompasses a "transgenic mouse whose genome comprises 
a null MCAR2 allele." The specification provides that "[t]ransgenic animal" refers to an animal 
that contains within its genome a specific gene that has been disrupted or otherwise modified or 
mutated by the method of gene targeting . "Transgenic animal" includes both the heterozygous 
animal (i.e,, one defective allele and one wild-type allele) and the homozygous animal (i.e,, two 
defective alleles)." "In a preferred embodiment, the disruption is a null disruption, wherein there 
is no significant expression of the MCAR2 gene." It is clear from the claim that one or both 
alleles have been disrupted. Thus, the claim encompasses both heterozygous and homozygous 
transgenic mice. 

The term "null" is well understood in the art as meaning ablating the function of that 
allele. For example, 

According to Genes VII (Lewin, Oxford University Press (2000)) (copy of relevant pages 
attached): 

The converse of the introduction of new genes is the ability to disrupt specific 
endogenous genes. Additional DNA can be introduced within a gene to prevent its 
expression and to generate a null allele. Breeding from an animal with a null allele can 
generate a homozygous "knockout", which has no active copy of the gene . This is a 
powerful method to investigate directly the importance and function of the gene. 

(p. 508)(emphasis added). 

According to Hasty (Gene Targeting, Principles, and Practice in Mammalian Cells in 
Joyner, Gene Targeting: A Practical Approach, Oxford University Press 2000) (copy of relevant 
pages attached),: 

Since the most common experimental strategy is to ablate the function of a target gene 
(null allele ) by introducing a selectable marker gene . . . 

(page l)(emphasis added). 
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According to Crawley (What's Wrong With My Mouse Behavioral Phenotyping of 

Transgenic and Knockout Mice, Wiley-Liss 2000) (copy of relevant pages attached): 

Knockout mice have a gene deleted. The null mutant homozygous knockout mouse is 
deficient in both alleles of a gene, the heterozygote is deficient in one of its two alleles 
for the gene. The genotype is -/- for the null mutant , +/- for the heterozygote, and +/+ for 
the wildtype normal control. 

(p. 2)(emphasis in original). 

As the term "null allele" is clearly recognized in the art, the claim satisfies the 
definiteness requirement. 

Applicant respectfully requests withdrawal of the rejections. 

Rejection under 35 U.S.C. § 102(b) 

Claims 39-50 and 53-57 stand rejected as anticipated by Kato, which is cited as 
disclosing a mouse having a disrupted VDR gene. The Examiner argues that the VDR gene "is a 
mCAR2 gene" because it shares homology with SEQ ID N0:1. 

Applicant does not agree. According to the specification, "[a]s provided herein, the 
target gene of the present invention is a nuclear hormone receptor gene. A "nuclear hormone 
receptor gene" refers to a sequence comprising SEQ ID N0:1 or comprising the sequence 
encoding the orphan nuclear hormone receptor isoform mCAR2 identified in Genebank as 
Accession No.: AF009328; GI NO: 2267577. In one aspect, the coding sequence of the nuclear 
hormone receptor gene comprises SEQ ID N0:1 or comprises the nuclear hormone receptor gene 
identified in Genebank as Accession No.: AF009328; GI NO: 2267577." (page 6). 

In the context of the present claim; a transgenic mouse having a null allele of the 
endogenous mCAR2 allele, it would be clearly understood by one skilled in the art that the term 
refers to the mouse mCAR2 allele. One skilled in the art would not agree with the Examiner that 
the VDR gene is the mCAR2 allele. Kato does not disclose the claimed mouse: a transgenic 
mouse having a null allele of the endogenous mCAR2 gene, and therefore does not anticipate the 
claimed invention. Withdrawal is respectfully requested. 

Rejection under 35 U.S.C. § 103(a) 

The claims stand rejected as allegedly being obvious over Kato supported by Li, in view 
of Choi, which is cited as disclosing SEQ ID NO: 1. The Examiner argues that it would have 
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been obvious to substitute the sequence disrupted by Kato with SEQ ID N0:1 to "gain clues" 
regarding the function of the mCAR2 allele. 

Applicant respectfully traverses the rejection. 

To establish a prima facie case of obviousness, three basic criteria must be met. First, 
there must be some suggestion or motivation, either in the references themselves or in the 
knowledge generally available to one of ordinary skill in the art, to modify the reference or to 
combine reference teachings. Second, there must be a reasonable expectation of success. 
Finally, the prior art reference (or references when combined) must teach or suggest all the claim 
limitations. Applicant respectfully submits that the Office Action fails to establish a prima facie 
case of obviousness because there is no reasonable expectation of success to that which 
Applicant has done by modifying the cited references. Moreover, Applicant respectfully submits 
that the combination of the references fails to teach or suggest all the claimed subject matter. 

As a preliminary matter. Applicant questions how the Examiner can argue that the 
requisite motivation exists to create the claimed subject matter, when the Examiner argues above 
that the claimed subject matter has no patentable utility and that one skilled in the art would not 
know how to use the claimed subject matter. 

The cited references, neither alone or in combination, teach or suggest the presently 
claimed subject matter. There is no suggestion in either reference that one should substitute the 
disrupted VDR gene with the mCAR2 allele. 

Applicant submits that the cited references are not enabling or operative to produce the 
claimed transgenic mouse because neither reference teaches or suggests the claimed invention. 
Kato and Li require cloning of the VDR gene, knowledge of the genomic sequence and 
restriction mapping of the targeted gene to produce a targeting construct and the VDR transgenic 
mice (see Li, Materials and Methods). SEQ ID NO: 1 is a cDNA (see Choi). As the Examiner is 
aware, cDNA includes only the coding aspects of the gene. Without a teaching of the genomic 
sequence or restriction mapping of the mCAR2 gene, one of ordinary skill in the art would not be 
able to do that which Applicant has done, and therefore would not have a reasonable expectation 
of success in making the claimed transgenic mouse. 

Therefore, the claimed invention would not have been obvious. 

Applicant respectfully requests the rejection be withdrawn. 
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In view of the above amendments and remarks, Applicant respectfully requests 
reconsideration and a Notice of Allowance. If the Examiner believes a telephone conference 
would advance the prosecution of this application, the Examiner is invited to telephone the 
undersigned at the below-listed telephone number. 

The Commissioner is hereby authorized to charge any deficiency or credit any 
overpayment to Deposit Account No. 502775. 



Respectfully submitted, 



Date 
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Greenberg Traurig LLP 
1200 17"^ Street, Suite 2400 
Denver CO 80202 

(303) 685-741 1/ (720) 904-61 1 1 (fax) 
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BackgroMed oe Moaiise as a Model Orgaeism 

Over the past century, the mouse has developed into the premier mammalian model system 
for genetic research. Scientists from a w^ide range of biomedical fields have gravitated to the mouse 
because of its close genetic and physiological similarities to humans, as v^ell as the ease w^ith which 
its genome can be manipulated and analyzed. 

Although yeasts, worms and flies are excellent models for studying the cell cycle and many 
developmental processes, mice are far better tools for probing the immune, endocrine, nervous, 
cardiovascular, skeletal and other complex physiological systems that mammals share. Like humans 
and many other mammals, mice naturally develop diseases that affect these systems, including 
cancer, atherosclerosis, hypertension, diabetes, osteoporosis and glaucoma. In addition, certain 
diseases that afflict humans but normally do not strike mice, such as cystic fibrosis and Alzheimer's, 
can be induced by manipulating the mouse genome and environment. Adding to the mouse's appeal 
as a model for biomedical research is the animal's relatively low cost of maintenance and its ability to 
quickly multiply, reproducing as often as every nine weeks. 

Mouse models currently available for genetic research include thousands of unique inbred 
strains and genefically engineered mutants. There are mice prone to different cancers, diabetes, 
obesity, blindness, Lou Gehrig's disease, Huntington's disease, anxiety, aggressive behavior, 
alcoholism and even drug addiction. Immunodeficient mice can also be used as hosts to grow both 
normal and diseased human tissue, a boon for cancer and AIDS research. 

In the early days of biomedical research, scientists developed mouse models by selecting and 
breeding mice to produce offspring with the desired traits. Researchers also learned to produce 
usefial, new models of genetic disease quickly and in large numbers by exposing mice to DNA- 
damaging chemicals, a process known as chemical mutagenesis. 

In recent decades, researchers have utilized an array of innovative genetic technologies to 
produce custom-made mouse models for a wide array of specific diseases, as well as to study the 
fiinction of targeted genes. One of the most important advances has been the ability to create 
transgenic mice, in which a new gene is inserted into the animal's germline. Even more powerful 
approaches, dependent on homologous recombination, have permitted the development of tools to 
"knock out" genes, which involves replacing exisfing genes with altered versions; or to "knock in" 
genes, which involves altering a mouse gene in its natural location. To preserve these extremely 
valuable strains of mice and to assist in the propagation of strains with poor reproduction, researchers 
have taken advantage of state-of-the-art reproductive technologies, including cryopreservation of 
embryos, in vitro fertilization and ovary transplantation. 

The Jackson Laboratory, a publicly supported national repository for mouse models in Bar 
Harbor, Maine, has played a crucial role in the development of the mouse into the leading model for 
biomedical research. Established in 1929, the non-profit center pioneered the use of inbred laboratory 
mice to uncover the genetic basis of human development and disease. In fact, the famous "Black 6" 
or C57BL/6J mouse strain whose genome is the focus of the landmark sequencing effort was 
developed in the early 1920s by The Jackson Laboratory founder Clarence Cook Little. 




Today, researchers at The Jackson Laboratory pursue projects in areas that include cancer, 
development and aging, immune system and blood disorders, neurological and sensory disorders, and 
metabolic diseases. Informatics researchers work with the public sequencing consortium to curate 
and integrate the sequenced mouse genome data with the wealth of biological knowledge collected in 
Jackson's Mouse Genome Informatics resource. 

In addition, The Jackson Laboratory distributes 2,700 different strains and stocks as breeding 
mice, frozen embryos or DNA samples. In FY 2002 alone, the lab supplied approximately 2 million 
mice to the international scientific community. 

Listed below is a sampling of mouse models developed and/or distributed by The Jackson 
Laboratory, along with brief descriptions of the human diseases they are helping scientists to 
understand: 

• Down Syndrome - One of the most common genetic birth defects in humans, 
occurring once in every 800 to 1,000 live births, Down syndrome results from an extra copy of 
chromosome 21, an abnormality known as trisomy. The Ts65Dn mouse, developed at The Jackson 
Laboratory, mimics trisomy 21 and exhibits many of the behavioral, learning, and physiological 
defects associated with the syndrome in humans, including mental deficits, small size, obesity, 
hydrocephalus and thymic defects. This model represents the latest and best improvement of Down 
syndrome models to facilitate research into the human condition. 

• Cystic Fibrosis (CF) - The Cftr knockout mouse has helped advance research into 
cystic fibrosis, the most common fatal genetic disease in the United States today, occurring in 
approximately one of every 3,300 live births. Scientists now know that CF is caused by a small 
defect in the gene that manufactures CFTR, a protein that regulates the passage of salts and water in 
and out of cells. Studies with the Cftr knockout have shown that the disease results from a failure to 
clear certain bacteria from the lung, which leads to mucus retention and subsequent lung disease. 
These mice have become models for developing new approaches to correct the CF defect and cure 
the disease. 

• Cancer - The p53 knockout mouse has a disabled Trp53 tumor suppressor gene that 
makes it highly susceptible to various cancers, including lymphomas and osteosarcomas. The mouse 
has emerged as an important model for human Li-Fraumeni syndrome, a form of familial breast 
cancer. 

• Glaucoma - The DBA/2J mouse exhibits many of the symptoms that are often 
associated with human glaucoma, including elevated intraocular pressure. Glaucoma is a debilitating 
eye disease that is the second leading cause of blindness in the United States. 

• Type 1 Diabetes - This autoimmune disease, also known as Juvenile Diabetes, or 
Insulin Dependent Diabetes Mellitus (IDDM), accounts for up to 10 percent of diabetes cases. Non- 
obese Diabetic (NOD) mice are enabling researchers to identify IDDM susceptibility genes and 
disease mechanisms. 

• Type 2 Diabetes - A metabolic disorder also called Non-Insulin Dependent Diabetes 
Mellitus (NIDDM), this is the most common form of diabetes and occurs primarily after age 40. The 
leading mouse models for NIDDM and obesity research were all developed at The Jackson 
Laboratory: Q?/'', Lep^'K Lep/^ and tub. 

• Epilepsy - The "slow-wave epilepsy," or swe, mouse is the only model to exhibit both 
of the two major forms of epilepsy: petit mal (absence) and grand mal (convulsive). It shows 
particular promise for research into absence seizures, which occur most often in children. 

• Heart Disease - Elevated blood cholesterol levels and plaque buildup in arteries within 
three months of birth (even on a low-fat diet) are characteristics of several experimental models for 



human atherosclerosis: the Apoe knockout mouse and C57BL/6J. 

• Muscular Dystrophy - The Dmd '"^ mouse is a model for Duchenne Muscular 
Dystrophy, a rare neuromuscular disorder in young males that is inherited as an X-linked recessive 
trait and results in progressive muscle degeneration. 

• Ovarian Tumors - The SWR and SWXJ mouse models provide excellent research 
platforms for studying the genetic basis of ovarian granulosa ceil tumors, a common and very serious 
form of malignant ovarian tumor in young girls and post-menopausal women. 

Contact: Geoff Spencer NHGRI Phone: (301) 402-091 1 
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The Knockout Mouse Project 



Mouse knockout technology provides a powerful means of elucidating gene function in vivo, and a publicly available 
genome-wide collection of mouse knockouts would be significantly enabling for biomedical discovery. To date, published 
knockouts exist for only about 10% of mouse genes. Furthennore, many of these are limited in utility because they have 
not been made or phenotyped in standardized ways, and many are not freely available to researchers. It is time to harness 
new technologies and efficiencies of production to mount a high-throughput international effort to produce and 
phenotype knockouts for all mouse genes, and place ^ese resources into the public domain. 



Now that the hitman and mouse genome 
&^uenc«$ are known attention has turned 
to elucidating gene function and identifying 
geiie products that might have therap<rutic 
value. The laboratory motise (Muf tnuscutus) 
hai had a prominent role in the study of 
human disease mechanisms throughout the 
rich, lOO-ycar history of dassicaJ mouse genet- 
ics, exemplified by the lessons loomed fixim 
naturally occurring mutants such as agouti*, 
recicr^ and obese*^. The large-scale production 
and analysis of induced genetic mutations in 
wrms, flics, rcbrafish and mice have greatly 
accelerated the understanding of gene function 
in these organisms: Among the model organ- 
isms the moos* offers particular advantages 
for the study of human biology and disease; (i ) 
the mouse is a mammal, and its develc^ment, 
bod>' plan, physiobgy, behavior and diseases 
have much in common with those of humans; 
(ii) almost all (99%) moxise genes have 
homologs in humans; and (iii) the mouse 
genome supports targeted mutagenesis in 
cific genes by homologous recombinatbn in 
embryonic stem ( ES) cells, allowing genes to be 
altered eflicicntly and prccixrly. 

The ability to disrupt, or knock out, a spc- 
cific gene in ES cells and mice was developed 
In the late 19808 { ref. 7), and the use of knock- 
out mice has led to many insights into human 
biology and distajc*"". Current technology 
also permits insertion of 'reporter* gene^ into 
the knocked -out gene, which can then be 
Uied to determine the temporal and spatial 



The Comprehensive KFtockaut Mottsc 
Projea Ccrtsortitmt* 

'Authors asui their affitiations arc Uited at the 
end of the paper. 



expression pattern of the knockcd-out gene in 
mouse tissues. 5uch marking of cells by a 
reporter gene facilitates the identification of 
new cell types according to their gene expres- 
sion patterns and allows further characteriza- 
tion of marked litsues and single cells. 

Appreciation of the power of mouse genet- 
ics to inform the study of mammalian physt* 
olog)' and disease, coupled with the advent of 
the mouse genome sequence and the ease of 
producing mutated alleles, has catalyzed pub- 
lic and pri\*ate sector initiatives to produce 
mouse mutants on a large scale, with the goal 
of eventually knocking out a sub^anlial por- 
tion of the mouse genome ^^**-\ Large-scale, 
publicly funded gene- trap programs have 
been initiated in several countries, with the 
International Gene Trap Consortium coordi- 
nating certain efforlt and resources'*"". 

Pespite these efforts, the total number of 
knockout mice described in the literature is 
relatively modest, corresponding to only - 10% 
of the -25.000 mouse gcn«. The curaled 
Mouse Knockout 8t Mutation Database lists 
2,669 unique geties (C Rathbonc, personal 
communication), the curated Mouse Genome 
Database lists 2,g47 unique gene^, and an 
analysts at Lexicon Generia identified 2,492 
unique genes (B,Z., unpublished data). Most 
of these knockouts are not readily available to 
sdentisu who may want to u.se them In their 
research; for example, only 4IS unique genes 
are represented as targeted mutatioiu in the 
Jackson Laboratory's Induced Mutant 
Resource database (S. Rockv^iood, personal 
communication ) . 

The converging interests of multiple mem- 
bers of Lhe genomics commun ity led to a meet- 
ing to discuss the advisability and feasibility of 



a dedicated project to produce knockout alleles 
for all mouse genes arwi place them into the 
public domain. The meeting took place from 
30 September to I October 2003 at the 
Banbury Conference Center at Cold Spring 
Harbor Laboratory. The attendees of the meet- 
ing are the authors of this paper. 

ts a systematic project warranted? 

A coordinated project to systematically knock 
out all mouse genes is likely to be of enormous 
beneSt to the research commimity, gK-en the 
demoniuaied power of kn<ickout mice to eluci- 
date gene functicm, the frequency of un pre- 
dicted phenot>'pcs in knockout mice, the 
potential economies of scale in an organiTed 
and carefully planned project, and the high cost 
and lack of availability of knockout mice ban^ 
made in current efforts. Moreover, implement- 
ing such a s)-stematic and comprehensive plan 
will greatly accelerate the translation of genome 
sequences into biological insights. Knockout ES 
cells and mice currently a\-atlable from the pub- 
lic and private sectors should be incorporated 
iiUo the genome-wide initiative as mudi as 
powiblc, although some may be need to be pro- 
duced again if they were made with suboptimal 
methods {eg., not including a marker) or if 
their use is rcstriacd by intdlectital property or 
other constraints. The advantages of such a sys- 
ten^tic and coordinated effort indude cfncicnt 
production with reduced costs; uniform use of 
knockout methods, allowing for more compa- 
rability between knockout mice: and ready 
access to mice, their derivatives and data to all 
researchers without encumbrance. Solutions to 
the logistical, organizational and informatics 
issues associated with producing, characteriz- 
ing and distributing such a Urge number of 



NATUKt ceNUICS VOLUMF $b \ NUMBER 9 I SEfTfiMBEk 20OA 



931 




A 



Tier 2 phonotyping 



Transcriptome analysts 



Tier 1 phenotyping 
Tissue expression analysis 
Knockout mice 



Mouse genome sequence 



Titun 1 Structi^e of resource productkui in the proposed KOMP. Using Ihe mouse gffwne sequence 
8S a foundation, knockout alleies in ES cells Mill be prodiiced for all genes. A subiset of £S cell 
knockouts urilt be used each year lo produce knockout mice, determine the expression pattern of the 
targeted gene in a variety of tissues di>d carry out screening-level (Tier 1) pherwtyping. In a subset of 
mouse lines, transcnptome analysis and more detailed system-specific (Tier 2} pherratyping will be 
done. Rnally, specialized phenotyping wit! be dene on a smaller number oi mouse tif>es witti 
particularly interesting phenotyoes. All stages will occur within the punriew of the KOMP except for the 
specialized pherraiyptng, which will occur in individual laboratories with particular expertise. 



mice will draw fram the cxpcrioicc of related 
projfccti in the private sector and in ocsdimiia, 
vrhidi ha\T made or phcnotypcd hundreds of 
knodcout mice using a variety of techniques. 
Lessons learned from these projects include the 
need for redundancy at each itep to mitigate 
pipeUne bottlenecks and the need for robust 
informatics systems to track the production, 
analysis, maintenance and distribution of ihou- 
$ands of targeting constructs, ES odls and mice. 

NulUreporler alleles should be created 
The project should generate alleles that are 
as uniform a5 possible, to allow cfUdent pro- 
duction and comparison of mouse phcno- 
typcs. The alleles should achinx a balance of 
utility, flexibility, throughput and cost, A 
null allele is an indispensable starting point 
fur it u dying the function of c\%ry gene. 
Inserting a reporter gene (e.g., P-galactosi- 
dase or green fluorescent protein} allows a 
rapid assessment of which cell types nor- 
mally support the expression of that gene. 
Therefore, we propose to produce a null- 
reponer allele for each gene. Making each 
mutation conditional in nature by adding 
cii-elemcnts (e.^.. lox? or FRT iites) would 



be desirable, but we do not advocate this as 
part of the mutagen-<*is strategy unless the 
technological limiutions currently as^ioci- 
atcd with gcncratin;g conditional targeted 
mutatiom on a large scale and in a cost- 
effective manner can be overcome. 

A combination of methods should be used 
Various methods can be used to create 
mutated alleles, including gene targeting, 
gene trapping and RNA interference. 
Advantages of conventional gene targeting 
include Hexibility in <le$ign of alleles, lack of 
limitation to integration hot spots, reliabiliiy 
for producing complete loss-of- function alle- 
les, ability to produce reporter knock- ini and 
conditional alleles, and ability to target splice 
variants and alternative promoters. BAO 
bascd targeting has llie potential advantages 
of higher rccambination efficiencies and flex- 
ibility for producing complex mutated alle- 
le!**. Gene trapping is rapid is cost-effective 
and produces a Urg< variety of inscrtional 
mutations throughout the genome but can be 
somewhat less flexible*''""^ ^ There is uncer- 
tainty regarding the percentage of gene traps 
that produce a true moll allele and the fraction 



of the genome that can ultimately be covered 
by gene- trap mutations. Trapping is not 
entirely random but showj preference for 
larger transcription units and genes more 
highly expressed in US cells. In recent studies, 
gene trapping %vas estimated to potentially 
produce null alleles for 50-60% of all genes, 
perhaps more if a variety of gene-trap vectors 
with different insertion characteristics is 
used'^*^'. RNA interferrncc offers enormous 
promise for analysis of gene function in 
mice^" but is not yet suflicienlly developed for 
large-scale production of gene modifications 
capaUe of reliably producing true null alleles. 
Both gene- targeting and gene- trapping meth- 
ods are suitable for producing large numbers 
of knockout alleles, and, given their comple- 
mentary advantages, a combination of these 
methods should be used to prcniuce the 
genome-wide collection of null-reporter alle- 
les most efficiently- 

What should the deliverables be? 

A genome-wide knockout mouse project 
could deliver lo the research community a 
trove of valuable reagents and data, including 
targeting and trapping constructs -and vec- 
tors, mutant ES cell lines, live mice» frozen 
sperm, frozen embryos, phenotypic data at a 
variety of levels and detail, and a database 
with data visualization and mining tools. At a 
minimun^, we believe that a comprehensive 
geiiome-wide resource of mutant ES cc41 lines 
from an inbred strain, each with a different 
gene knocked out, should be produced and 
made available to the community. Choosing 
an inbred line (129/SvEvTac or C57BU6I). 
and evaluating (he alternative of using f , ES 
cells and tetraploid aggregation to provide 
potential time savings, merits additional sci- 
entific review and discussion^*^*. ES cells 
should be con\*crtcd into mice at a rate con- 
sistent with project funding and the ability of 
the worldwide scientific community to ana- 
lyre them- Although the value and cosi-cfTcc- 
tivcness of s>*stematicall)' characterizing the 
mice is a matter of debate, a limited set of 
broad and cost-effective screens, probably 
including asse&&mcnt of developmental 
lethality, physical examination, basic blood 
tests, and histochemical analysis of reporter 
gene expression, would be useful. More 
detailed phenotyping, based on fmdings 
from the initial screen or existing knowledge 
of the gerie's function, couJd be done at spe- 
cialized centers, All ES cell clones and mice 
(as frozen cmbr>'os or sperm) should t>e 
available to any researcher at minimal cost, 
and all mouse phenotyping and reporter 
expression data should be deposited into a 
public database. 
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In determining ho\^ to implement (he pro- 
ject, utility to the research community should 
be the sumdard for judging value Each step 
after ES cell generation (tg., mouse cre-ation, 
breeding, expression analysis phenotyping) 
will make the rtaourcc useful to more 
researchers but wrill aUo increase costs and sci- 
entific complexity. We therefore advocate a 
'pyramid' structure for the project (Fig. 1). At 
the baiie of the pyramid is the genome- wide 
collection of mutant ES cells for every mouse 
gene. Over time, a subset of these mutant ES 
cclU diould lie made into mice and character- 
ized with an initial phenotype screen (Tier 1 ; 
Fig. 0 and analysis of tissue reporter-gene 
expression, A subset of these line* should be 
profited by microarray analysis, and a subset of 
these profiled by system -specific (Tier 2) phe- 
noti-ping, based on the results of the 'I^cr 1 
phenotyping. array studies, existing knowl- 
edge of the gene's function and the gene's tissue 
expression pattern. With time, the upper tiers 
of the pyraxnid will be filled out, e^rntuaUy 
transforming the p)Tamid into a cube, with 
information of all types available for all genes. 

This project will require the resolution of 
numerous intellectual property daims involv- 
ing the production and use of knockout mice. 
To deal with the existing patents thai cover 
the technologies and processes involved in the 
production of mutant mice, wc suggest that a 
^patent pool* such as that used in the semi- 
conductor industry^* should be generated, 
Sorral individuals who represent entities that 
control patents on mouse knockout technolo- 
gies are authors on this paper, and they agree 
with this approach. Wc also agree that any 
mutant ES cells or mice produced should be 
placed immediately in the public domain. 

Medunisms and costs 

ES cell production. Autoniated knockout 
construct and ES cell ptt>duction shoukJ be 
carried out in coordinated centers to ensure 
efficiency and uniformity. We estimate that 
most known itiouse genes could be knocked 
out in ES cells within 5 y-cars, using a combina- 
tion of gene-trapping and gene-urgettng tech- 
nicpies. Gene trapping can produce a large 
number of mutated alleles quickly, but its 
progress should be monitored closely to deter- 
mine when it$ yield of new genes diminishes'^ 
and, therefore, when targeting should be 
inaeasingty relied on. As large -Kale trapping 
projects have ati^dy defined gene classes tltat 
probably cannot he knocked out by trapping 
ie4., singlc-exon GPCRs, genes that are not 
expressed in ES cells), wc propose that target- 
ing begin on those dosses immediatdy. All ES 
ccUs should be made available to the research 
communiTy, because this collection itself 



would be a valuable resource. Efforts in rhe 
public and private sectors h&vt already 
knocked out many genes in F5 cdls and, to the 
degree that the alleles produced fit the pre- 
scribed characteristics (i.e., null alleles wth a 
reporter) and are available, every effort should 
be made to incorporate these into the planned 
public resource. Costs for generating this part 
of the resource were estimated at between 
$9-1 1 roiUion/year for frvc years (these and all 
subsequent figures are direct casts). 

Mouse production. The subset of ES cells 
made into mice each year should be chosen by 
a peer-review process. Central facilities for 
high- efficiency mouse production, gcnotyp- 
ing, breeding, maintenance and archiving 
should be funded, to take advantage of effi- 
dencits of scale in mouse creation and distri- 
bution. Researchers could apply lo produce 
groups of mice outside the centers, as long as 
they meet the cost specifications of the pro- 
gram. All mice should be made available 
immcdiatdy to researchers as frowm embryos 
or sperm, for nominal distribution cost. An 
initial target of 500 new mouse lines per year 
would double the current rate at which new 
genes are knocked out in the public secion we 
fed that this rate is within the capadiy of the 
biomedical research community worldwide 
to absorb and analy-ze. We estimated the ini- 
tial cost of this level of mouse production to 
be $1 2.5- 1 5 million per year. 

Reporter tissue expression analysis. 
Approximately 30 tissues from adult and 
dcvdopmcntal stages should be sampled to 
cover the main ot^an s)'stetns. Analysis meth- 
ods should be customized to the organ s>'stcm 
and marker, and a searchable database of the 
sites of gene expression, and the images show- 
ing them, should be produced. Centers to 
carry out these analyses and data curation 
should be selected by peer review. We esti- 
mated the cost of this component for 500 
mouse lines to be $2.5-S million per >Tar, 
depending on how much tissue sectioning and 
ceU-levd analysis is done. 

Phenotyping, Tier I phenotyping should 
be a low-cosi screen for clear phenol ypes and 
sliould be done on all mouse liites produced. 
Tier I should iiKlude home-cage observation, 
physical examtnalioii, blood hematological 
and chemistry profdes, and skeletal radi- 
ograph*. The centers producing the mice 
should carry out the Tier 1 analyses, at an est]- 
mated cost of S2.5 million per year for 500 
lines. Selected lines, chosen on the basis of 
findings firom Tier I phenotyping, tissue 
expression panerns, microarray data and the 
sdcntific literature, should undergo more 
detailed and system -focused Tier 2 phenotyp- 
ing. Tier 2 phenotyping should be done in 



specialized phenotyping centers, akin to those 
already in operation for phenotyping of mice 
produced by ENU mutagenesis. All Trcr I and 
Tier 2 [phenotyping should be done on a uni- 
form genetic background by dedicated groups 
of indirviduals in single locations^ to fadlUate 
consistency and cross-comparison of results 
among different mouse lines. All Tier 1 and 
Tier 2 phciwtyping results should be 
deposited into a central project database frccty 
accessible to the research community. More 
detailed and specialized phciH)t>'ping could be 
done by individual researchers in their own 
laboratories; deposition of this more detailed 
phenotype data would be encouraged 

Transcriptome analysis. Transcriptome 
profilirig of tissues from each knockout line, 
collected in a uniform way across all mice and 
tissues and placed into a searchable relational 
database, would add substantially lo the sci- 
entific value of the project, though it would 
also add considerably to its cost. 
Transcriptome analysis s>hould therefore be 
done on a subset of mice, chosen by peer 
review. We estimate that, with the best cur- 
rently available array technology, an analysis 
often tissues would cost -518,000 per line. 

ConcEusions 

This projea, lentativdy named the Knockout 
Mouse Project (KOMP), will be a crudal step 
in harnessing the power of the genome to 
drive biomedical discovery. By creating a 
publicly available resource of knockoitl mice 
and phenotypic data, KOMP will knock 
down barriers for biologists to use mouse 
genetics in thdr research. The sdcntific con- 
sensus that wc achieved — that a dedicated 
project should be undertaken to produce 
mutant mice for all genes and place them 
into the public domain — is important but is 
only the beginning. Implementation of these 
recommendations will require additional 
input from the greater scientific community, 
including those resporvsible for program* 
matic direction and financial support of bio- 
medical research in the public and private 
sectors. This ambitious and historic initiative 
must t>e carried out as a collaborative effort 
of the worldwide sdcntific community, so 
that all can contribute their skills, and all can 
benefit. International discussions among sd- 
cntific and programmatic staffs since the 
Banbury meeting at Cold Spring Harbor, in 
both the public and private sectors, have 
shown that there is great enthusiasm and 
commitment to this vision. The next step for 
KOMP will be to move this visionary plan 
from conccprualization to implementation, 
with an urgency befitting the benefits it will 
bring to sdencc and medicine. 
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Special Topic Overview 

Interpretation of Phenotype in 
Genetically Engineered Mice 



Thomiiii Dootachraan 

Background and Purpose: In mice, genetic eagineering involves two general approaches— addition of an ex- 
ogenous gene, resulting in transgenic mice, and use of knockout mice, which have a targeted mutation of an 
endogenous gene. The advantages of these approaches is that questions can he asked ahout the function of a 
particular gene in a living mammalian organism, 'taking into account interactions among cells, tissues, and 
organs under normal, disease, injury, and stress si tuations. 

Methods: Review of the literature concentrating principaUy on knockout mice and questions of unexpected 
phenot>T)es, lack of phenotype, redundancy, and effect of genetic background on phenotype will be discussed. 

Conclusion: There is little gene redundancy in mammals; knockout phenotypes exist oven if none are imme- 
diately apparent; and investigating phenotypes in colonies of mixed genetic background may reveal not only 
more phenotypes, but also may lead to bettor understanding of the molecular or cellular mechanism underly- 
ing the phenotype and to discovery of modifier gene(s). 



One often hears the comment that genetically engineered 
mice, especially knockout mice, fire not useful because they 
frequently do not yield the expected phenotype, or they f\ov\X 
seem to have any phenotjrpe. These expectations are often 
based on j'ears of work, and in some instances, thousands of 
publications of mostly in vitro studies. Examples of une:x- 
pected phenotypes, based largely on experience witli trans- 
forming grow^ factor beta iTgfh) and basic fibroblast 
growth factor (/%/2) knockout and transgenic miee, will be 
presented to discuss possible reasons for unexpected luioclc- 
out phenot>T3es. The concluHtons will he that the knockout 
phenotypes do, in fact, provide accurate information con- 
cerning gene function, that we should let the unexpected 
phenotypes lead us to the specific cell, tissue, organ culture, 
and whole animal experiments tliat are relevant to the func- 
tion of the genes in question, and that the absence of phen o- 
type indicates that we have not discovered where or how to 
look for a phenot>'pe. 

Before entering into how one should interpret unexpected 
knockout phenotypes and how one should deal with lack of 
Itnockout phenotypes, it is necessary to give a brief introduc- 
tion into how knockout mice arc made. For detailed informa- 
tion, the following rc\iew^3 are suggested (1-4). TVansgenic 
technology has had a long hist-ory; thufi. an introduction to 
that technology utII not b^ given hero. Rather, the foUov/iiig 
reviews are suggested (5, 6). At this junctui-e, it should be 
noted that, although transgenic vertebrates ranging from 
fish to bovids have been produced, knockout technology haiH 
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to date been successful only in mice, even though embryonic 
3tem ( ES) cells have been produced from several other spe 
cies, including liamster (7), rat (8), rabbit (9, 10), pig (11-13) 
bovine {14, 15), and zebransh (16). Consequently, the entirt 
discussion will be focused on mice. 

Knockout mice are generated by the iryection of geneti 
cally engineered or gene-targeted ES cells into a mouse bias 
tocyst to generate a chimeric embryo, which in turn can pusi 
on the engineered gene to its offspring. ES cell lines are es 
tablished from the inner cell mass of a mouse blaistocyst, s( 
that when injected into blastocysts, tixe ES cells can in cor 
porate into the inner cell musi; of the recipient blastocysts 
thereby chimerizing them. Subsequent to transfer of the chi 
meric blastocysts into uteri of paeudopregnant mice, chi 
meric mice are bom. If the germline of a chimeric mouse ii 
colonized by cells derived from the injected ES cells, the chi 
mera is lermed a "gennline" chimera. Some of tlie ofTsprin; 
of the gormline chimeras will then carry the engineeret 
gene in their genomes. Gene targeting in ES cells usea thi 
ES cells' DNA repair apparatus to bring about homologou; 
recombination between an exogenous DNA fragment trans 
foctcd into the ES cell and its homologous region in the ge 
nome. Homologous recombination usually results ii 
replacement of the endogeno\is region with tlie exogenoiu 
fragment, thereby altering the endogenous gene in t 
prespecified manner. Tliere are many variations on this pro 
cedure by which genes can be altered not only to ablate func 
tion, but also to make more subtle mutations (17-19). Sucl 
procedures can be used to introduce point mutations, re 
move specific splicing products, switch isoformSj and human 
ize genes. In addition, technology has recently beei 
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developed to make conditional and inducible knockouts in 
which giine function is ablated either in a developmental! y 
specified tissue (20-22) or in an inducible manner (23-26). 
These techniques, tliough exciting.- will not be further dis- 

Extensive non redundancy in the TGFlp family: Sev- 
eral thousand cell culture studios on the tliree mammalian 
transforming gro^vth factor bote proteins (TGF^s 1. 2, and 3) 
have implicated these ^wth and difTerentiation factors in 
the function of nearly every cell type studied. Expression 
studies indicated unique and overlapping expression of the 
tliree TGF^s (27, 28). For ejcample, overlapping^ protein local- 
izatiOLn was found in all gut epitlieha^ all layei-s of the skin, all 
three mnsclo t>T>es, kidney tubules, lung bronchi, cartiiHge, and 
bone (Table 1). 'Ebgether with tlie fact that idl three TGPlfis sig- 
nal through a common TGP type-H receptor (Figure 1)» tiiese 
data strongly suggest considerable re(lundancy in function. 
C:onsequently, it is sixj-prising tiiat., of tlie >20 phenotypes of the 
three Tgfb knockout mice that we have deseribed (29-31)» none 
appear to be overlapping CHible 2). These results indicate ex- 
tensive nonredundaticy between TGF^ ligands even though 
tliere is considerable overlap in ejcpression. Of course, tliese re- 
sults do not rule out tlie possn3iKt>' ofsome redundancy in some 
tissual. Ckimbination of the ligand Icnockouts would uncover 
such situations, and it is likely that a few will exists but 30 non- 
overlapping phenotypes for three ligands strongly suggests 
that a vast number of their fimcttons m^c not redundant 

There are several possible explanations for how tbei-e can 
be so much overlap in ligand expression and yet so much 
specific ligand function. First, TGFps are seci-eted as latent 
peptides and must be activated before they can bind recep^ 
tors (32-35). The mechanism by which this extracellular 
processing occurs is not well understood and may be differ- 
ent for eachTGFp. Hence, ligand processing presumably de- 
termines some functional speciticity for the three TGFps. 
Second, there is a third type of TGFfi receptor, TGF|JR3, that 
can interact with ligand and receptor types I and IT before 
cytoplasmic signaling can occur, though involvement of 
TGFpRS is not essential for signaling (36-38). Association 
with t>T5e fll receptors is thought to enhance some TGFpRl 
and 2/ligand interactions. Upon ligand binding, the serine/ 
threonine receptor TGFpK2 tJien associates with and phos- 
phorylates the transmembrane serine/threonine receptor 
TGFpRl, which in turn initiates a phosphorylation-medi- 
ated signaling cascade. Hence, combinatorial rcccptor/ligand 
interadiona will abo determine functioiml specificity Third, 
signaling from TGFpRl can occur tlm)ugh two cytoplasmic 
signaling proteins called SlVtAD2 and 3 (39, 40) and. pei- 
haps, through a third called SMAD5 (41), In addition, 
SMAl>6 and 7 can also interact with tlie otlier SMADs to in- 
hibit signaling (42-44). Hence, differential SMAD protein 
interactions with transcriptional machinery will probably 
also determine functional specificity for the three TGFTl 
ligands. Finally, tlicre may be sG\^eral non -transcriptional 
signaling pathwaj^s for TGFps. For example, we have found 
thatTGFpi-deficient platelets from Tgfbl knockout mice 
have impaired platelet aggregation that can be restored by 
incubating isolated platelets vdth recombinant TGFpi (un- 
published obser\'ations). Because plateletij do not have a 
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Tlie poiyclonai nnt,ihi>dieB used wvrxi spwinc for rcftidues 4-19 nfl GFlil 
atid 2 and rcniduos 9-20 «rTGFfi3. The Bvidln-blotin sysUem was used 
forslnitilng- Data ohtaltied from iininuimhUlochcmicnl Bludy ol P®'f^n 
Qi ;il (231. RopinduttKl rrornVw Jour rial of CeU Hiolosy, 1991,115:1091- 
nOD, by capyrighl pormissicn of The Rtxtkafcller Univorsity Press. 

nucleus, there must exist a signaling pathway that is 
nontranscriptional. In summary, given the coraplexitios of 
ligand processings receptor intenictions, and signaling path- 
ways, it becomes clear why redundancy in TGFl, 2, and 3 
function has not been detected at the whole aaimal level, 
even though there is considerable overlap in expression of 
TgfJ) gene family members. Consequently, if other gene fami- 
lies fnnction with sunilar comple.Kit>; it is likely that, in tl^e 
final analysis, little functional redundancy will bo found 
within gene families. 

Two striking examples of apparent functional redundancy 
are worth considering. The first involves myogenic genes, 
and the second involves retinoic acid recept^>rK, Contrary lo 
eai'ly interpretations, redundancy does not now appear to be 
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Extracellular Matrix Genes 
Cell Cycle Genes 
Differentiation Genes 
GroAvth Factor Receptor Genes 

Kigure 1. TOFp signaling pathway. The TGFp liganda, TGFpi ((il), TGPp2 {p2J, and TGFp3 (p3), exist primarily in a latent fomi in vivo 
and are activated by mechanisms not yet clear. In Reneral, TGFja^! interacts widi a TGFlJ t>'pc ni receptor (Rni) before interaction with 
TGPP type II (KU> and TQFp type I fRIi receptors; whereaa, the TCFfJl and TGFp3 iigandfi can interact directly with the type U receptor. 
The ligand receptor complexes can then associate with several cytoplasmic molecules, famcisyl protein iransfcraso (FPD and FK506 
binding protein-32 (FKBP'12), being two potential examplea. The receptor- lignnd complex signals to the nucleus through threonine/ 
i>erine phosphnryUtion nf a series of SNtAD prot^nns (related to the Drosophila "mothcrfi against decapontaplegic" protein) which then 
elidt tranaciptional regulation of extacellular matrix, ceil cycle, differentiation and growUi factw receptor gcnca. TLic roles of tJie associ- 
nted cyt^oplasmic molecules FPT and FKBP-12 are not clear but are thought to involve RAS patliway signaling and modulation of signal- 
ing through the S>tAD proteins. 



the case for two of the myogenic genfts known to be essential 
for specification of vertebrate skeletal muscle, Myod and 
Myfo. Even though the individual laiockouts have muscle, 
and only the combinetl knockouts do not have muscle (45), :it 
is now clear that each gene functions m tlie specification of 
distinct muscle cell lineages. Consequently, in the absence of 
one source of muscle cells, the other source may compensate 
for that (46, 47). This should bo termed developmental com- 
pensation, rather than gene redundancy. On the other hand, 
with respect to retinoic acid receptors, there is elso good ev i- 
dence for functional redundancy. Similar to the myogenic 
genes, retinoic acid receptor gene knockout mice have few 
phenotypes, whereas the combined knockoute have mar»y 
phenotypes (48, 49). Whetlier this turns out to be gone re- 
dundancy or another case of developmental compensatien 
remains to be determined. 



Lack of phenotype: As is the case for TGFp, there also is 
a multitude of reports indicating that Uie FGFs \ and 2 have 
important ixiles in numerous cell t>'pes and tissues. Conse- 
quently, when the FgS2 gene was knocked out by gene tar- 
geting, it was quite surprising that there wan no obvious 
phenotype (50). The Fgf^^' animals Hve a long, healthy life, 
and fertility and fecundity are normal. Even the pituitary 
gland, which is the best source of FG F2, appears not to have 
morphologic defects. The only evidence for any developmen- 
tal abnormalities is found in horaatopoiesis (50), where 
blood platelet counts are high, and in tlie cerebral cortex (51, 
52), where morphometnc anelyjiis reveals decreased cell 
density. Clearly, these abnormalities are minor, compared 
witli expectations. This was aJl the more evident because our 
transgenic mice, in which the human gene was ubiq- 

uitously overexprcssed by the phoaphoglycerate Icinase pro- 
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Table a. Nonavorlupping phuaotypcs <^tTgfbl,S, and 3 knoctout inic« 
ood the ponetxanw of tl\ose fthenptypua 

Embryo IcUialitiott 

IVcimptanULlon lethality 

Yolk snc !ellialiiy 

AdulL pheaotypfcfi 

Multifocal imioiraraimlty 

Plateloi defoct 

Coluu cancer 

Failing heiirt 
7)H1j2 (all perinatal bthalitnes) 
Heart defects 

VuntncuJnrsepcum defects 

Dual outlet right ventricio 

Dual InlDt loft ventricle 
Inner ear dttfRCt—lacks spiral limbns 
Eyes 

Ocular hypcrcdlularity 
Hcduced narneal stromn 
Urogenital defects in kidney 

Dilatijd renal jtelvia 

ARiitieeiB (females only) 

Uierintihorn cctapia 

Testicular ectt^Jia 

Tcfltia hypcplaflia 

Vas deferens dysgenesis 
Luag-pQ»tnatal 

DUrtted conducting niruayg 

Collapsed bronchioles 
Skeletal dePecte 

Occipital bone 

Parietal Iwne 

Squnmuus bonn 

Palatine bone (clefl pnlaU^^ 

AlifiphenoiU bono 

Mandibular dfifncta 

Short radius and ubn 

Misalns (Itiltoid tubftrosity and third trochaaUr 
Sternum maHhrmatlonB 
UiL) barrolinC 
Rib fiiEiona 
Spina bifida 
T8fb3 tiwrinatat Uthality) 
Clefl palatj 



SO 

50 

50^ 

50 
100' 
100-^ 

ino 

94 
19 
25 
100 

100 

100 

ao 

20 
40 
100 
20 
20 

100 
100 

100 
100 
]O0 
22 
100 
100 
100 
9^ 
26 
94 
13 
100 

100 



'See Tabid 3 for backEround dependency ofTsfhl krtOcSiout ph^notypw. 
•Described in references 64, 67. . ^ ^ - * i :^th 

• Rtsfers to percentage penetrance Anion^ nnmmls that cur\'ive to binn. 

Dctnils on tho remaining pKenotypcs can Iw found in the Uixt and in paf- 
crtinces 29-31,63. 

moter (53), had very short legs, euggeating an important role 
of FGF2 in bono de\'elopment, yet the bones of the luiockoat 
animals were normal This apparent discrepancy betwwin 
the transonic md knockout mice indicates Uiat some other 
FGF signals through the same FGF receptor as does FGF2, 
and that this other FGF is the true hgand that is important 
in bone development. Another possibility is that there is *'de- 
volopmental compensation" by alternative mechanisms. la 
othor words, the absence of FGF2 may cause developmental 
abnormalities dunng bone development that are then com- 
pensated for bv another developmonUl pathway This alter- 
native would not necessarily require a different FGF tn be 

involved. , * 

After we had made our first analysis of the Fgf2 knockout 
mouse and did not fmd an obvious phenotype, it was easy u> 
fijcplain the *1ack of phenotype" by invoking redundancy be- 
cause there are at least IS known Fgf genea. But m hind- 
sight, it now appears more likely that all members of this 
large'geuc family have specific Junctions, even though they 



signal through receptors encoded by only four receptor genes 
(54) In Fgf^ kncMxkout mice, evidence was not found for up- 
regulation of the two Uganda most structurally related to 
FGF2 namely TOFs 1 and 5 (50). Also, genetic combination 
of Fgh and Fgf5 (50) did not reveal redundancy between 
these similar genes. In addition, further analysis of the 
mice revealed roles being played in hematopoiesis and 
vascular tone a^ntrol (50) as well as iu brain development 
and wound healing (51. 52). Finally, in addition to 
Fgfs 3-5 7 S also have boon ablated by gene targeting, re- 
vealing functions in proliferation of the inner cell mass 
iFsf4) (55); gastrulation and cardiac, craniofacial, fore- 
brain midbrain, and cerebellar development (FgfS) (56); 
brain and inner ear development iFgfS) (57, 58); and two 
aspects of hair development {Fgf^ and 7) (59, 60). 'Ih date 
companson of F^/" knockout phenotypes from 6 of the 18 
Fgf genes has not turned up overlap except possibly m the 
cerebellum. Together, these results indicate that each 
gene has important unique functions. Although a few re- 
dundant functions may eventually be found on combina- 
tion of Fgf'2 with all other Fgfs except FgfS, it is clear that 
6 of the 18 Fj^/" genes studied by gene targeting have been 
associated with essentially unique Rnwckout phenotypes. 

summarize, what originally appeared as "lack of phcno- 
tj'pe'* led many of tis to the premature conclusion that other 
FGFs must have functions redundant to those of FGF2- 
However, further analysis of Fg/2 knockout mice has since 
revealed a wealth of unique fiinctions ranging fi^m thromb- 
ocytosis and vaju:ular tone control (50) to brain development 
and wound healing (51, 52). It is my expectation that furtlier 
physiologic analysis of the Fgf2 knockout mou^e will reveal 
functions in the hypertrophic response to hypertension aiid 
responses to iscliemia/reperfusion injury and bone »nj»iT In 
the fmal analysis, it is likely that the major roles of FGr2 
may have less to do \vith getting us to birth than with keep- 
ing us aUve alter birth, whereas sevei-al other FQFs clearly 
have developmental roles. 

Effects of genetic background on phenotj-pic varia- 
tion: From 100 years of mouse genetics, it has become clear 
that genetic background plays an important role in the sus- 
ceptibility of mice to many disorders. Therefore, the pheno- 
types of knockout mouse strains will also have genetic 
background dependencies, as was first documented by the 
^lagnuson and Wagner gi-oups C61. 62). The Tgfbt knockout 
mice are an exceptional case In point (Table 3). On a nUiisd 
(50'50) 129 X CFl background (CFl is a partially outbred 
strain), about half of T^/b J knockout mice die from a preim- 
plantation developmental defect C63), and the other half die 
of an autoimmune-like multifocal innammftiory disease at 
about weaning ago (29). If the tangeted TgP^l allele is back- 
crossed onto a C57BU6 background, 99% of all knockout 
animals die of the preimplantation defect(63). However; if a 
Tgfbl knockout allele is put onto a mixed 129 x MH/Ola x 
C57B176 background, embrj'o lethality is observed during 
yolk sac development, not during preimpluntation develop- 
ment (64). With respect to the multifocal inflammatory dis- 
order QfTgfhl knockout mice, if the targeted allele is put 
onto a 129 x CFl mixed back^ound (50:50). severe infiam- 
mation exists only in the stomach (29): on the mixed 129 x 
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Ttible 3. Background d<;i>eDClcacy of T/^/T^/ tmockout phenotypeg 



Khenotype penetrance on vnrioussu ainfi l^) 



rh'inotypo 



129 X CFl 



129 X C57 



129 X C3II 



C57 



12U 



caH 



l29xC57x mH/Ola 



rreimpIanUiLlon lethality 50 ND 

Volk sac lethalitT' 0 U 

Aytoimmuno disoooo 50 50 

Gicitric innnmmatloft OCH" 20'' 

Intestinal innammntion 0 70" 

Colon cancer* ND ND 



ND 
50 
KD 
ND 
KD 



ND 

1 

ND 
KD 
ND 



ND 
ND 
ND 
ND 
ND 
100 



ND 
ND 
NO 
ND 
ND 
0 



0 

r»o 

50 
ND 
ND 
ND 



IVrctsntage of knockout ttnimalfl of a given atrnin tViat havo the designtitwl plumoLyfjo. 
'For dBtal If, 5ep references 34, 67. 

*'AppTTJximaifily 10'.^ ofanimalB with atttoimmunG diwn^iH ImvR no detectablo cnstrairttftsUrtal tract Inniimmation. 
'UnpuUtbhed ob&er^'QCionB. 
= nat datcrmiPied. 



HIH/OIa X C57BL/6 background, the intestines are ninre se- 
verely inflamed than is the stomach (65). Finally, on a pre- 
dominantly 129 background (129 x CFl; '97:3), Tgfbl 
knockout mice develop colon cancer if the inflammatory dis- 
order can he eliminated by other genetic manipulations that 
render the mice immunodeficient (unpublished observa- 
tions). However, on a prtidomlnantly CSH background, im- 
munodeficient Tgfbl Imockout mice do not develop colon 
cancer (66). These results suggest that modifier genes exist 
that can significantly afTectthc function of TGFTJl iu preim- 
plontation development, yolk sac development, bowel and 
gastric inflamraation, and colon tumor suppression. 
Progress toward localising a modifier gene for the yolk sac 
developmental probkim has been made C67). 

What is the best genetic background for knockout 
mice? Because backgntjund-depcndent phenotypic variabil- 
ity will likely be found for most knockout mice, it will be use- 
ful to backcross a targeted allele onto several mouse 
backgrounds to make congenicsti'ains. In tliis section, it will 
be argued that putting a targeted allele on a mixed strain 
backgroxmd will also provide useful information. This is not 
to say tliat congenic: strains are not useful. Rather, the point 
to be made hare is that there also are benefits to looldng at 
mixed strain backgrounds, A^ain, our experience with Tgfb 
knockout mice will be instructive. 

Generating homozygous mutant knockout animals on a 
mixed genetic bachgroand is faster, 'flie ES cells are nearly 
always fi-om a 129 strain, and the blastocysts into which the 
targeted ES cells are injected are nearly always C57BL/6. 
For reasons unknown, this is a good combination for est^ib- 
lishing gcrmline transmission of the injected ES cells. The 
resulting cliimei'as can then be crossed witli any strain dcr- 
sired, but 3 29, C57BL/6, or Black Swiss mice are most o!ten 
used, and CFl mice were used in the case of our Tgfb J 
knockout mice. Heterozygous offspring from this crossing 
will then be inbred 129 or Fl hybrids of 129 mid one of the 
othei- strains. Clearly then, tlie quickest route to ha\ing the 
knockout allele on an inbred strain is through 129. For the 
other strains several generations of backcrossing is re- 
quired, which can take well over a year. Unfortunately, 
strain-129 mice have low fertility and fecundity Conse- 
quently the number of ofTspring per litter is usually fewer 
than six. Althougli 120 x C57BJV6 hybrids aro more robust, 
upon backcrossing onto C57BL/6, litter size decreases. Tb 
the contrary, the Black Swiss and CFl strains are robust, 
and litter size often is in excess of 12. The reason for this is 
probably because they are not truly inbred strains, bui 



rather aie partially outbred through random breeding 
with i a their respective strains. Therefore, one of the choices 
one lias is to stay with "pure" genetics at the expense of a 
lower production rate and considerable deluy before genera- 
tion of experimental animals, or sncrifice some genetic pu- 
rity to obtain a more efHcient production colony. Ideally, one 
would want U> do Iwth, but this often is too expensive. 

Mixed genetic background knockout nxicG often have a 
wider range ofphenotypes. The Tg/hJ knockout mice back- 
crossed onto either the 129 or C57BL/6 background 
(congenics) yield only embryo lethahty (63, unpublished ob- 
servations). On the other hand, when tlic knockout allele is 
maintained on mixed genetic backgrounds, embryo and 
adxilt phenotypes arc maintained. 

The Tgfb2 & Tgfb3 knockout mice provide further ex- 
amples. The Tgfb2 knockout mice ha\^e more than two dozen 
congenital defects and die either immediately preceding or 
during birth, or within 2 h thereafter (30). Ihble 2 indicates 
that most of the phenotypes are only partially penetrant. 
Though it is not documented, it is likely that the penetrance 
of some of these phenotypes would increase to nearly 100%, 
and some of the other phenotypes would disappear were we 
to put the Tgfh2 knockout allele on inbred backgrounds. 
Hence, the mixed strain background probably provided more 
information than would congenic strains. 

The TgfhB knockout mice have a cleft palate (31). One 
colony oTTgfbS knockout mice was loft as a mixed back- 
ground (129 X CFl; 50:50) strain, whereas anotlier colony 
was bacltcroBsed so\^eral generations Ui the C57BL/6 strain. 
These two colonies had coiisiderablo expressivity differ- 
ences; the inbred colony had more severe clefting than did 
the mixed background colony In the latter, expressivity of 
clefting varied \sidely from animal to animal. This variable 
expressivity within the mixed baclcground colony provided 
us with the opportunity to obtain far more data on develop- 
ment of the cleft palate and was, therefore, more useful for 
making assumptions about the cellular and molecular 
mechanisms by which TGFp3 supports palate fu.<=ion. Hence, 
using the TgfbS Icnockout mice, the mixed strain backgi ound 
provided more information than did the congenic strain. 
Consequently, a wider range of penetrance and expressivit)' 
of phenotypc is a major advantage of investigating knockout 
phenotypes in mixed background colonies. Further, variable 
ponotrance of phenotype in a mixed background colony sng- 
geats that there aro modifier genes for each phenotype that 
could be obtained by linkage studies. 
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Conclu^ons 

Questions have been addressed that arose from Uie last 8 
years in wiiich knockout mke iiave been investigated to ana- 
lyze gene function at the whole animal level These questions 
concern gene redundancy, apparent lack of phenotype in a sur- 
prising number of knockout strains, and effect'i of genetic back- 
ground on knockout phenotype. Using data obtained 
principally &oin 7^/5 and f^/knockout mice, it is ai-gued that 
tliere is probably little redundancy in the gei^ome (i.e., that few 
genes are dispensable for sunival of the species). Apparent 
lack of phenotype more likely reHccts our inability to ask the 
right questions, or our lack of tools to answer them, than it does 
a true hick of function. Finally discussion of genetic back- 
giTjund phenotype variability* including variable penetrance 
and expressivity, was used to present some of the advantages of 
working with mixed genetic background cobniea of knockout 
mice. For all the examples given here, there are counter ex- 
amples that nnistbe taken seriously; consequently^ these ai-gu- 
ments must not be taken as absolutes. For example, if a gene in 
a particulai- mouse strain hns recently been duplicated, it will 
most likely be i-odundant. I f one is studj^g tissue r^ectinn in 
a knockout mouse, the genetic background obviously must be 
we!) defined and preferably inbred. Or, if one wants to use the 
susceptibility of a particular mouse strain to cancer to investi- 
gate the function of tlie knockout gene in progression of that 
cancer, U^c knockout allele must be put on that mouse strain. 
In general, however, when setting up approaches for im-estigat- 
lag a new gene knoclcout mouse. I believe one would be well 
advised to assume that: there is little gene redundancy in 
mammals; tliere are knockout phenotypes even if none arc im- 
mediately apparent; and investigating phenotypes in mixed 
genetic bacliround colonit^ may not only revetd more pheno- 
types, but may lead to better ui^erstanding of the molecular or 
cellular mechanism underlying the phenotype, and may lead to 
modifier gene discovery. 
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the target gene in a particular place or at a particular time. The most common of 
these recombination systems called Crc/lox, is widely used to engineer gene 
replacements in mice and in plants (see Figure 5-82). In this case the target gene 
in ES cells is replaced by a fully functional version of the gene that is flanked by 
a pair of the short DNA sequences, called lox sites, that are recognized by the 
Cre recorabinase protein. The transgenic mice that result are phenotypically 
normal. They are then mated with transgenic mice that express the Cre recom- 
binase gene under the control of an inducible promoter. In the specific cells or 
tissues in which Cre is switched on, it catalyzes recombination between the lox 
sequences— excising a target gene and eliminating its activity. Similar recombi- 
nation systems are used to generate conditional mutants in Drosophila (see 
Figure 21-^8). 
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Figure 8-70 Summary of the 
procedures used for making gene 
replacements in mice. In the first jt^ 
{A), an altered ^rcrsion of the gerw b 
introduced Into cultured ES (embryonic 
stem) cells. Only a few rare ES cells wltl 
have their corresponding normal gene 
replaced by the altered gene through a 
homologous recombination event 
AJdiough the procedure is often labortotn 
these rare cells can be identified and 
cultured to produce many descendants, 
each of v/bich carries an altered genft in 
place of one of its two normal 
corresponding genes. In the next step of 
the procedure (B), these altered ES ceUs 
are injected into a very early mouse 
embryo: the cells are Incorporated into 
the growing embryo, and a mouse 
produced by such an embryo will contain 
some somatic cells (indicated by orange} 
that carry dw altered gene. Some of tS«e 
mice will also conuin gernvline cells dat 
contoln the altered gene. When brerf with 
a normal mouse, some of the progeny d 
rfiese mice will contain the altered gene h 
all of their cells. If two such mice are in 
turn bred (not shown), some of the 
progeny wilt contain two altered genes 
{one on each chromosome) in all of ttieir 
cells. 

If the original gene alteration comp*e:^ 
inactivates the function of the gene, these 
mice are known as knockout miccWJwn, 
such mice are missing genes that function 
during development, they often die wt* 
specific defects long before they nach 
adulthood. These defects arc carefuDy 
analyzed to help decipher the normal 
function of the missing gene. 
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jj^sgenic Plants Are Important for Both Cell 
Biology Agriculture . 

a plant is damaged, it can often repair itself by a process in v\^ch mature 
^gfcniiaied cells. Medifferentiate," proliferate, and tlien redifferentiate into 
other cell types. In some circumstances the dedifferentiated cells can even form 
gji apical meristem, which can then give rise to an entire new plant, including 
gametes. This remarkable plasticity of plant cells can be exploited to generate 
^ajisgenic plants from cells grov^ng in culture. 

T0ien a piece of plant tissue is cultured in a sterile medium containing 
outiients and appropriate growth regulators, , many of the cells are stimulated to 
proliferate indefiiutely in a disorganized manner, producing a mass of relatively 
imdlfferentiated cells called a callus. If the nutrients and growth regiUators are 
carefully manipulated, one can induce the formation of a shoot and then root 
apical meristems within the callus, and, in many species, a whole new plant can 
be regenerated. 

Callus cultures can also be mechanically dissociated into single cells, which 
vyiil grow and divide as a suspension culture. In several plants— including 
tobacco, petunia, carrot, potato, and Arabidopsis — a single cell from such a sus- 
pension culture can be grown into a small clump (a clone) from wiiich a whole 
plant can be regenerated. Such a cell, which has the ability to give rise to ail parts 
of ihe organism, is considered totipotent. Just as mutant mice can be derived by 
genetic manipulation of embryonic stem cells in culture, so transgenic plants 
can be created from single totipotent plant cells transfected with DNA in culture 
(Figure 8-72). 

The ability to produce transgenic plants has greatl>' accelerated progress in 
many areas of plant cell biology. It has had an important role, for example, in iso- 
lating receptors for growth regulators and in analyzing the mechanisms of mor- 
phogenesis and of gene expression in plants. It has also opened up many new 
possibilities in agriculture tfiat could benefit both the farmer and the consumer. 
It has made it possible, for example, to modify the lipid, starch, and protein stor- 
age reserved in seeds, to impart pest and virus resistance to plants, and to create 
modified plants that tolerate extreme habitats such as salt marshes or water- 
stressed soil. 

Many of the major advances in understanding animal development have 
come from studies on th? fruit fly Drosophila and the nematode worm 
Qmorhabditis elegans, which are amenable to extensive genetic analysis as well 
as to experimental manipulation. Progress in plant developmental biology has, 
in the past, been relatively slow by comparison. Many of the plants that have 
proved most amenable to genetic analysis— such as maize and tomato — ^have 
long life cycles and very large genomes, making both classical and molecular 
genetic analjrsis time-consuming. Increasing attention is consequendy being 
paid to a fast-growing small weed, the common wall cress (Arabidopsis 
thaliam), which has several major advantages as a "model plant" (see Figures 
1-46 and 21-107), The relatively small Arabidopsis genome was the first plant 
genome to be completely sequenced. 

Large Collections of Tagged Knockouts Provide a Tool for 
^>^ining the Function of Every Gene in an Organism 

Extensive collaborative efforts are underway to generate comprehensive libraries 
of mutations in several model organisms, including S. cerevisiae, C, elegaris, 
^^ophila, Arabidopsis, and the mouse. The ultimate ahn in each case is to pro- 
duce a collection of mutant strains in which every gene in the organism has 
^tber been systematically deleted, or alteretl such that it can be conditionally 
^J^pted, Collections of this type will provide an invaluable tool for investigat- 
gene function on a genomic scale. In some cases, eacli of the individual 
'"Mtants within the collection will sport a distinct molecular lag—a unique DNA 
^uence designed to make ideniiilcation of the altered gene rapid and routine 
' ^ S. cereuisiae, the task of generating a set of 6000 mutants, each missing 




Figure 8-7 1 Mouse with an 
engineered defect tn fibroblast 
growth factor 5 (FCF5). FGF5 ts a 
negative regulator of hair formation, tn a 
rrwuse tadong FGF5 (ri^i), the hair is long 
compared whh Its heterozygous liccemute 
(/e/ij. Transgenic mke witJi phenotypcs 
that mimic aspects of a vaHcty of human 
disorders, including Alzheimer's disease, 
adierosderosis, diabetes, cystic fibrosis, 
and some type of cancers, have been 
generated.Thcir study may lead to the 
development of more effective treatments. 
(Courtesy of Gail Martin, from J.M. Hebert 
el al.. Celt 78:1017-1025. im© Elsevier.) 
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which exogenous DNA is introduced from a bacterium 
into a host cell. The rnedianism resembles that of bac- 
terial conjupaijon. Expression of the bacicriaJ DNA in 
its new host changes the phenotype of the cell. In the 
example of the bacterium Agmb^crium tumefacirns, 
the result is to indiice turner formation by an infected 
pbni ccU. 

Alterations in the relative proportions of compo- 
nents of the genome during somatic devclo-pment 
occur to allow Inscci larvae to increase the number of 
copies of certain genes. And the occasional arapiifica- 
tion of genes In cuhured mammalian cells is indicated 
by our ability to select variant cells v.-ith an increased 
copy number of some genes. Initiated wthin the 
genome, the amplification event can create additional 
copies of a gene that survive in euhcr intrachramoso- 
mai or cxtrachromosomal form. 

Wlien extraneous DNA is introduce into ewkar>'- 
oiic cells, it may give rise to cxtrachromosomal forms 
or may be ititegrateil into the genome. The relationship 
betivicen the cxtracliromosornal and genomic fcKrras i.s 
irregular, depending on chance and to some degr« un- 
predictable ewnts. rather than resembling; the t^guUn 
interchange between free and integrated forms of bac- 
terial plasmids. 



Yet, howewr accomplished, the process may ttrad to 
stable change in the genome; foIlo\^Mng its injection 
into anintal eggs. DNA may even be incorporated tnto 
the genome and inherited thereafter as a nornvU com- 
portent. sometimes continuing to function. Injected 
DNA may enter the germlinc as wcW as the soma, creat. 
ing a transgenic animal. The ability to introduce sp*. 
cific genes that function in an appropriate manner 
could become a major medical technique for curin* 
generic disca^tes. * 

The conx^crsc of the introduction of new genes is 
the ability to disrupt s^vecific endogenous genes 
Additional DNA can be introduced within a gene to 
prevent its expression and to geiKrate a null allele 
Breeding from an animal widi a null allele Can genciatc 
a homoz)'gous*'knockoui"; which hiis no active copy of 
the gene. This i.s a powerful methotl to invesiigare'di^ 
reedy the importance and function of a gerte. 

Considerable manipulaijon of DNA sequences 
therefore is achieved both in authentic situations and 
by experimental fiat. We are only Just beginning to 
work out the mechanisms that permit the cell to re- 
spond TO selective pressure by changing its bank of se- 
quences or that allow it to accommodate the intrusion 
of additional sequences. 



The mating pathway is ttriggered by signal 
transduction 



"T^HB yeast 5, ccrvvisiae can propagate happily in ei- 
X ther the hapbid or diploid condition. Conversion 
beru'een these states takes place by mating (fusion of 
haploid spores to give a diploid) and by sporulation 
( tneiosis of drplokis to give haploid spores). Theabiljly 
to engiige in these activities is determined by the mat- 
ing type of the strain. 

The properties of the two mating types are sum* 
nxari^eii in Figure 17.1. We may view' them as rest- 
ing On the tdcological projH)Sition that there is no 
pomt in mating luiless the haploids are of different 
genetic t)'pcs; and sporulation is productive only 
u-heji the diploid is heteroz}'gous atKl thus can gen- 
erate recombinants. 

The matingr>'peof a (haploid) cell is determined by 
the genetic information present at the AMFlocus. Cdls 
thai carr>^ th^r AfATa allde at diis locus are type a: like- 



wisc» c^lLs that carry the iKUTa allele are type a. Cells 
of opposite type can mate; celU of the same type 
Cannot. 

Recognition of cells of opposite mating type is 
Figure 1 7. 1 Mating type contfols several activlttes. 
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Preface 



Over the pasi len years ii has become possible lo make essentially any muta- 
tion in the gennlinc of mkc by utilizing rcoombinaUon and erabO'onic stem 
(ES) ccUs. Homologous recombination when applied to altering spcciJic 
endogenOiK genes, rcfened to as gene targeiing, fwovidcs ihe highest level of 
control over prcwliicing aiutations In cloited genes. When, this is combined wHb 
site specific tecambinaUon, a wide range of mtitatioiis c?in be produced. ES cell 
lines are reimarluible since after being cstabUshcd from a blastocyst, they can 
be cultured and manipulated relatively easily m vitro and still mntntiiin their 
fibility to step hack into a mnm\ tlcwlopracnial twogram when returned to a 
pTc4rapbntation embryo. With the cxpOtiential incxe^isc b ihc number of 
genes idenlificd by various Rcnomc projects and genetic screens, it has bcc«irae 
imperatiw lhat eflki^nt methods be developed for deicrmimng gene functKMi. 
Cenc targeting in ES cells offers a powerful approadi to study gene function m 
a mammalian organism. Gene trap approaches in ES ccUs, in particular when 
Uicy arc combined with sophisticated prcscree as, offer not only a route to gene 
discovery, but also lo gain information on gene iic<iuencc, expression and 
mutant ptvenoiype. 

The bask technology necessary for making desi|tncr mutations m niioc has 
become widespre^id and researchers who have traditionally used cell biology 
or molecular cxperimenw arc adding gcike targeting technkjues to their rcpe? - 
toire of experimtal approaches. A second edition of this l>ook was written for 
two main reas^ws- The first was to update prciaously described techniques and 
to add new icchniijucs that have greatly expanded the types of rautillion* that 
can be m.'ide using recombination in ES cell*, A chapter in this new edition 
describes the design and use of site specilk recombinatian for gene targcUng 
fi|>pfoachc5 and prtwittction of conditional muiations. The second rcason for 
the new book was to provide a more in depth discussion of the experimental 
design considerations that are critical to a succcs?jful gcrc targeting study and 
lo add approaches for analyzing mutant phenotypcs; the most interesting 
part of an experiment. Gene targeting experiments should be dcagnied to 
go far beyond just making a mutant mouse. The success of a gene targeting 
experiment no kmger lies in the making of the miitatic^n, but depends on the 
imaginative and insightful analysis of the mutant phenotypcs thai the nurtauon 
provides. A chapter in this edition describes the use of classical genetics in 
combination with geike urgeling to gel the most out of a genetic approach to a 
biological quest 1011. 

The nature of in vivo gene largeting studies of gene function arc s»»dj ihat 
critical design decisions mtist be made at e^-ery step in the experiment, and 
cadi decision can have a major impact on the value of the inforrnation 
obtained. Frx^ro the start, the type of mutation to be made must be considered 
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carfifuJIy. UTicrcas 10 years ago most mumtioiis w^ere designed to create nuJ! 
mutations and wrc therefore rel?itively simple to design, at present, a nuJl 
mutaticm is only one of a long Ust of mutations: that can be made, caeh provid- 
uig different insight into the ftinciion of a gene. Point mutations, large dete- 
tknis, gene exchmiges (knocJcHns) and eonditiona] mutadons arc bui tt few of 
the chokes one faces at the start of a gene Cargeiing experiment. The iiesci 
choice is the source of DNA for the targeting ecxperimem and ES cell line to be 
used foi the manipulations. Once the mutant ES cell clone has been obtained, 
there arc then a number of alternative approaches that can be used to make 
E$ cell chime rtis thai depend on the ES cell lime which was used, Rnally, and 
most importantly, is the analysis of any phcnotypc that arises. This second 
addition dii^cusscs techniques used to anal>'zc snutant mkc, ranging from stan- 
dard descriptive evaluation, to a chimera analysts or complicated breeding 
experiments that utilise double mutants. If mice are amply considered as a 
*bag of cclU' or an in vivo source of selected ceU types, then the tremendous 
resource which mice offer as a model organ isnu is not being rcali7xd. The life of 
a inotise represents a continuum of dynamic processes, including patlcm for- 
mation, organ development, learning, horoeostasis and disease. By making 
genetic alterations in mice usmg gene targelimg and ES cells, the effects of a 
given change can be itudied in the context of the whole organ fern. 

My goal in editing this book was to provide .a manual that couJd take a nciv- 
comcr to the exciting field of gene targeting and mutant analysis in mice from a 
cloned gene to a baiic understanding of the genetic approadies available using 
ES cells^atid how each technique can be used to design a panlcular In vivo test 
of gene function. The hook should also provide a valuable bench side resource 
for anyone carr)'ing out gene targeting or gcmc trap experiments, a chimera 
analysis or classical gcfieiic approaches. I would once again like to extend 
many thuoks and my deepest appreciation to all the authors; for their great 
efforts in including detailed protocols and lucid disxn^ions of the various 
approaches presented. I would also like to thank my family for their strong 
support and laboratory members past and present for helping to make gene 
targeting a reality. Finally, since many of the Icchniques use mice, the expcri- 
meni^ should be ciirried out in accordance with locjil regulations. 

New York. NY A.LJ. 
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Gene targeting, principles, and 
practice in mammalian cells 

PAUL HASTY. ALEIANDRO ABUtN, nn<l AUtAN BRADLEY 

1, tntmduclion 

Whkjn a fragment of £cnorak DNA is mtroduood into n mammalUin cell it axn 
locate aad rccombtnc with the endogenous homoJogouif iicqiienceti. This (ypfc 
of horoolagous ream) bin atiori, known as g,€ne targfilift^ is the subiect of thin 
chapter. Gene tar^tin^ has becri widely used, particularly in mouse em- 
bf^-ontc iitcm (ES) cclb, to make a variety of luusations in maoy different loci 
«(j ll*at the phcnotypw: consequences of specific genetic modifwations can be 
assessed in the organism. 

The firsi cxp^rim«3iial evklenpe im il^ occutrei^cc of gene targeiin^ in 
inammaliart cells was made using a fibroblast cell line with a sclc<:table 
aruficiitl locus by Ltn et al (I ), and was subsequently demonstrated to occur at 
ihe ciKlogcnous p-globin gene by Sraithies fiat in <irylhrolcukaeraia ceJls (2), 
In eencToL the rr-aqucnti^J* ot targeting in mammalian iire relatively 
low ct>nip;iit;(l (o yeas( cells and this rs probably leUitcd to, at least in part, a 
competing pathway: efficient integration of ihc transfcctcd DNA into a ran- 
<3om chromosomal &Hc, The rclalivc ratio of laigctcd to raadosn imcgrtttion 
events will determine the case with which targeted clones arc idcntific<3 in a 
iiir|:c4inge;(pi;ritn«sn. "Iliis chapter details aspects of viecior desi^ya wKicb 
can dctcrnsine the efficiency of rccombtnatkm, the type of mutation that may 
be generated in the Urgct locus, as wcU as the sclcctioo and screening 
«lraiegic& which can be used to identify clones of ES cells with the desired 
targeted moditoiion. Since the mosi common experimental sitatcgy is to 
ablate the fuiBCtioo of a target gene {nuH alkie} by introducijig a !ielectable 
marker gene, we initially describe the vectors and the selection schemes which 
are helpful in the identification of rccombinsBit clones (Sections 2-5). In 
Section *. ^-e describe the vcaors and additional considerations for gener- 
ating subtle mutations in a target locus devoid of any exogenous sequences. 
Fmally, Section 7 is dedicated to the use ci titrgeiing as a method to 
express exogeiKrtis genes from specitic endogenous regulatory clement^ in 
vivo, also known as 'knock -in* strategjes. 



J r Gene tar^ctin^ prh^ciphs, and practice in mammaii<tn cetU 
enrich populations of iransfectcd cells for int^ticd integration events (Section 
42A)- 

2,1 Design considerations of a replacement vector 

-rikc prlftcipul ccmsidcration in the design of a rcptaoemcni vector, is the type 
of mutation generated. Siuiondan- (yet stlU Import^lit) considerations reUtc 
to the scJiection scheme and screening techniques require*! to isolate the re- 
combinant ctanc:^. The recombinzmt alleles generated by replacement vectors 
lypicaMy have a selection cassette tnse Jted into a coding e^KOn or replacing pzirt 
t>f tie toaiB. It is Imporunt to consider that, exooi interruptions and small 
deletions will not ncccswirily abUtc the funciioii of the target gene to generate 
a null diele. Consequently, it is necessary to confirm thaft the allele whsch has 
bw:n generated k nulfc by RNA and^w protein anal>'si5 and in many cases 
and If uneated proteins from xuch a mutant aifele can be d^rtec*ed- 
Considering th^it products from (be mutated locus may have some fundPfm 
(nomiaS or abnormal) it is imponant to design a fcplacemcnt vector so thai 
tl>c targeted allele is null, particulariy in the aibsence of a good assay (or the 
£cnc product. Disruption or deletion of the coding sequence by the positive 
selection nutriccr will In mcxst instances abUte a ^nc's function- However m 
some situations a truncated protein may be generated which retains somrc 
baological nctivitv, thus some kncwledge of mutations in a related gene in 
another organl^i can be helpful in the dctcrroimitian of the possible function 
of a tar^Mcd allele Null aUcles arc mofc likely to occur by deleuuB or 
rccombining a 4«lectaon cassette into more 5' exons rather than exons that 
encode the C-tcrminus of the protein, since under these circumstances 
mtnimal i>ort!ons of the wild-t>'pc polypeptide be made. 

There arc scvcj;il considerations to take into account when a positive 
selection raai is to be inserted into aa exoa. One critical consideration is 
that dnce ihc Icn^^lh of an cxon iiifluctice Ri^A spliciiig f3), an artihaiiUy 
brge exon caused by the insertion of a selectable marker may not be 
recognised by the splicm^ machinery* and could be skipfw^d. ThiKs, tmnscftpls 
Initiated from the cndogcncms promoter may delete the mutuied exon from 
lH« mRNA spcc^ or even additional exons. If a skipped exon is a codmg 
cxon wtkosc nucleotide length h not a multiple of three (codon) the net result 
will be both a dclctkm and a frame-shift mutation of the gene, whw;h win 
often generate a nuU allele. However, if the disrupted coding exon has a 
nucleolkle letujlh which is a multiple of three, if spUccd out, this would result 
in a protein with a smaU in-frame deletion which may retain partial or com- 
plete function. The same concept ajn^hes to gene targeting vectors in which 
exons arc being deleted and replaced by the scbctiible marker. Deletion of an 
exon or group of exuns with a unit number of codoos may also result m a 
functiimal protein prOthici with an in-framc deletion. For most purposes u is 
advisable to delete ponions or all of the target gcrec so that the genetic 



Production of targeted embryonic 
stem cell clones 

MICHABL W MATISti, WOJTEK AUERBACH iod ALEX ANDRA L, 
JOYNER 

1» Introduction 

The discovery that cloricci DNA introducctl into tissue ctiliurc celfc: can 
undcrgi> hrrniologous rccombinalion at specific chromosomal loci has 
rcvoluiionizdd our ubilily to study gene functioit in celt cuJiurc and itt vivo. In 
llwiory, this icchniqu*, icrmcd gene tarigcling^ allo-^*** one to generate any type 
of mutation in any cU^fied g^iw. llic kinds of mutations that can be creeitcd 
indudc null minatiofts, point mut^irions, deletions of specific furwctional 
domains, exchanges of functional domains from related gents, and gain-of. 
function mutations in nlitch cxo^tenoos cDNA sequences arc inserted 
adjjM^ent to endogeiKnis regulatory sequciKCs. In principle » such specific 
genetic alteratk>i« can made in any cell ttnc grov*ing in cu!tuje. Hcwcvcr. 
not all cell types can be maintained in culture under the conditions nc-ccASary 
(or tr^nsfection ajid sclcctio^j. Over ten >*iirs ago» pturipotent embr)o«tc 
stem (ES) cells derived from the inner cell mass <10t ) of mouse blastocyst 
stage cmbr>'os were isolated and conditions defined for iheir propo^alion and 
maintenance in culture (1. 2), ES celU? resemble I CM cclb in many res|K*ctitf 
including th<rjr ability to contribute to all embryonic tissues in chimeric mice. 
Using stringent culture conditk»ns. the crabr>"onic devektpmentnl potential of 
£S celb can be nvaintaifted following gcnelk mantpulationifi and after many 
passages in viito. Furthermore, permanent mouse lines canning genetic alter- 
ations introduced into ES cefls can be cblainc<J by transmitting the muistion 
through (he gcrmhnc by generating E5 cell chimeras (described in Chapters 4 
and 5), Tlius, applying gene targeting techivology lo CS cells in culture affords 
rcscardiers the opportunity to modif>' cndogeno^is genes and study their 
function in vivo. In initial studies, one of the main challcaigcs of gene targeting 
wfts to distinguish the rare homologous recombination events from moie com- 
monly occurring random integrations (discussed in Chapter 1). However, 
jfcdvances in cell culture and in selection schemes, in vecflor construction usinjii 
isogenic DNA. and in the application of rapid screening procedures have 
made it possible to identify homologous recombination events efficiently. 
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TiiTBCied mutation of genes cxpn»s«d in the ncn^us system is an exciting ikw research 
field tla! is forgmg a rcmaricjiWe ammlgam of molecular genetics and hetkavinraJ ncuro- 
icieiwc. My laborator)' in Betl^esda has been the fortunate recipient of visiK from many 
nwlccalar geneticists over the past five yt^s, wlto come (O fwk. " What'ii wrong with my 
mouse? Can >xmi u!I us whai betuwiors: arc abnormal b ow null mutams? And how <fo you 
measure bchavw, sioyway?*' 

\\<c have hiul itcwne remarkable oppoitunmcs to coaaborate with outstanding molecular 
gcDcticists in (he Natioasa! Institutes of Health Intramural Research Program and through- 
oiri ih« ivttf Id ^fl invx!3iigat3005 of the hehaviaral effects of mutaticins in genes espreiisied in 
the mouse brain. Each of these coSliibmatioais has been a learning cxpcxiemie, increasing 
our midcretonding of the optimal experintcnta! dcsigji for analyTing behavioral phejwtypcs 
of mutant mice. WTiat are the best testa to address each spccinc hypoUicsis? Which meth- 
ods worlc best for mice? Which rat tasks can be adapted fw mice? \^Tiat arc the correct con- 
trols? \V*hat are tlwr hidden pitfalls, lurking artifacts, false posiih-es. and false ncgativcB? 
Which itatUttcal tests arc most acnslti w for detection of the gcnoi>pc effect? What is the 
minimvmi number of animaU necessary for each genotype, gendcc. oiwl age? Our labonuory 
iind miujy others arc gradually working oirt the best metlM>ds for beha%'l<mii pbcnotyping of 
uaiisgcnlc and knockout mice. 

In ilie sanvc conversations, molecular sencticiste frequently asked me to recommend a 
book th(C>- could consult to Icam more about bchafvioraJ tests for mice. Apporcaitly ibe 
entific book p^iblishcrs art rcceKlng similar queries. Ami Boyle and Robert liarinj^ton at 
John WUcy & Sons, com meed of a real need for such a book. swcet-Uilfced me bto filliflg 
the void. What's Wrong, mth My Moute? Is written for these pioneering molecular geneti- 
cists, and for the talented sit»dente who will be the next driving force in nwvina the Held 
fom'ard. 

On u personal level. 1 would Hkc to express deep appTeciaxion to all of my beha\ioral 
neuixKctentivi colleagues around the wwid for ihch" outstanding work, past, present and fti- 
mre. Your contributions to the excellence and abundance of mouse bc3wi\'ioral tests prw'tde 

tx 
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the foundation for the rapicUy expanding scieirtiri& disanwits rorthcoming Uom bchaxToral 
(rfttnoryping smdics of tnmsgcme and lciu>ckout mice. Ttus book is a tcstamem to your ac- 
complishmcnts. 

Jacqueline N. CkA'wi.ftY, Ph J). 
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Designer Mice 



The disease is tnheriied. Family pedigrees indicate an auiosomal dominan? gene. IJnJcagc 
ana3>'sc5 rrvx:ai one stroogfy ossocUted chrojnosonwl locus. Mapping idcniifies the gene. 
The cDMA for the gcuc is sequeiiccd. The anaiomkiU distribution of'ihe fienc is priiiwily 
in th« brain. The sympioms of the disease are printmly ncuropsychiatric. There is no treai- 
rjiem for die disease. The disease is Ictha!- 

Your misswn, (thould >^u choose to accept it. is io develop a ticatmciu fox lh« disease. 
Replacement gciic therapy is the best hope. But you dO>k't know the gene produci, j-ou 
dont know f\:nctioa, and yo\, dAftH kaow if gtne delivfif^' would be theiapeulic. Where 
do you stoit? 

These d:^ you may choose to si^ with a largetcd gene rautauon. to generate a mutant 
mouse model of da hereditary diaasc. A DMA coosmict containing the mutated form of the 
responsible gene is developed. construct lis inserted into the motrse gWKwne. A Imc of 
ndce with the iraitaied gene is sjcccratcd. Chamcieristics of the mutant nwce arc identified in 
comparison to normal cootjoU. Salient characteristics iclo-^t to the human disease are quan* 
titated- These dtscfi.seh*te traits are then used m test variables for evahiaitng the effiwtivejiesii 
of treatmorts. Putaiiw tieaimaus art udmSntstcaed to the mutarti mice. A trcattncct that pro- 
vents Off reverses the disease tmits ro the mmam* mkc ss tsOwn fonvaid for ftirthcr tcstiflg as a 
potcntiaJthenipeiiticticamicnt forihe hwinan genetic disease. Oenc therapy* based on lai^etcd 
gene replacemem of the missbg or incorrect ^ne in the human hereditary disease^ is dc- 
SCTibed in Chapter 12. In the future, medicinc rciay shift emjtoiis tonireatnig the sympuims 
to admintstering replacement genes that effectively and permancnily ewe the disease. 

Tajgeted gene mutation in mice represents a new technology that is revolwttcmazing bio- 
medical research, TVansgeote mke have an CKtragtn^ fiddcd. An additiowal copy of a nor- 
mal gcatc is inserted into die moi^ genome to- «md>' o^ierexpirtssion of the get»e product Or 
a new gene b added that is not normaUy preseni in the mouse genome. The new gene may 
be the abemint form of a huinan gene linked to a disease. For example, the mutated form of 
the hunian hmtinglin gcro is added to the n^ouse genome to generate a mouse model of 
Huntington's disea,se. Knoekoul mice have a gene deieted. The null mutant honvozygDus 



knockout mouse it: deficient in b<xh alleles of a gene; the hetero^vgotc is deficient in oiw 
of its two aUeles for Uic gene. The gcnotyp« is for the null muiaji*, +/- for the hct- 
en3zygotc>, aiid +/+ for the wlldlype normal control, The ph«notype is tiic set of o*>- 
i^ervcd characteristics rcsultiikg frwn the mutaiion. Phcootypes itKJude biodiemka]. 
anatomical, physialogical, and beh^onil characteristics, 

Ttiiigetcd nuiaations of genes exprtisscd i n the brain arc m^atinfi the roecbanisms under- 
lying normal behavior and bchavioraJ abnormalities. Mouse inodeU of human nearopsy- 
cblatrle dis«a$ei^ such tw Alzheimer's disease. ParJctjison's disease, Huntington's disease, 
amyotrophie lateral sclerosis, obesity, anotexio, dcpicwioB, alcoholtiim, drug addictiotfi, 
schizopltrtmia. and anxiety, arc likely to be characterized by their bchavtonil pbenotype. 

TliiB boofc is designed to ititroduce the noviee to the rich litenturc of be3fiavionjl tests in 
mioc and to «how haw to opthnize the application of these icsu for behavioral plicnot>pij>g 
of mutant mke. Based on cais experiences^ our liiboratory is working towsid a unified ap- 
proach for the optima! conduct of bchaviorBJ pJbenotyping experiments in mutant mice. 
Recommendations arc offered for a ihrcc-tjcrcd se<iuencc of bchavtoral t<sts» applicable to 
each beKsvioral dotnain relcvam to genes expressed in tht mammalian brain. 



SCOPE 

This book is dest^d as an o^wicw of il>e mutant mouse technology and an bmoducioo 
to the field of behavioral ncurriscicncc, as it can be applied lo behavioral phenotyping of 
tnmsgcnic and knockout mice. Woleculajg:cncticixts may browse through the chapters rel- 
c\'aiit to their gene, to ideas for possihfc «ests to try. Behavioral newroscBcnttste who haw 
DO experience with mutant mice may wi«h to read about the methods for developing & trans- 
genic or knockout, the behavioTEl tests that have been effectively applt6(i and some of the 
successful experiment published in the genetics literature. 

Chapters are organized around behavioral domains, including geocral health, ncurolog- 
iml reflexes, developmental milestones, moifiT functions, 5eiisdr)-abilieics, learning and 
memory, feeding, sextwJ and parantal behaviors^ social beiiaviors, and rodent paradigms 
relevant to fear, aiuiety,. depression^ ychizophnmia, rewaid, and drug oddicuon. Each chap- 
ter begiiK with a brief history of the early work in the field and die present hypodseses about 
mechanisms underlying the expression of the behavior. A list of general review anicks and 
books is offered for each topic, ciKoumging the interested reader to gain more in-depth 
knowledge of the rclc\Tmt Utemiure. 

Standaid test* nic then presented b detail. Highlighted are those tasks tlww hove been ex- 
ten.sivx:ly validated in mice. Doifwwcstrations of genetic oompoaiencsof tas3c perfhrmanc* are 
described, including txpcrimcats compoiing inbred strains of mice (strain distributions), 
quantitative trait loci approaches (linkage analysts), and natmully occurrbg rautants (sp<m- 
tancous mutations). Experimental design and specific behavioral tasks ore presented as 
simply as possible. Extensive references are included for each behavioral test to obtaui 
more con^lete methods from the primary experimental litenrture on the topic 

j I lustrations are provided for the most fre<iucntly used behavioral tasks. Fhotographs of 
the equipnaent or diagrants of the task acconnpany the leoti. Samples of data are shown. The 
data presctUation is designed to indicate die qualitative and quantitative results that c*n be 
expected when the task is property conducted. 

Each chapter includes the rcsfults of several repircs«ntative expcrinients in wiiich these 
tasks are sucoessfulfy applied to characterize transgenic and knockout mice. Examples are 
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Transgenic and krtockout mutations pj-ovide an jmporUnt means for understanding gene j 
fvirKtiOfi, as well as for developing therapies for genetic dijea tcs. This engagirjg arid informative 

book discusses the many advances in th^ field of transgenic technology that have enabled : I 

researchers to bring abotit various changes in the moiuse genoni^e. Equal emphasis is given to * i 

both the principles of transgenic <ind knockout methods and their applications. A clear and ' t 

concise format provides researchers with a comprehensive review of the behavioral paradigms .; 
appropriate for analyzing mouse phenotypes. 

What's Wrostg wUh My Mouse? c<p)r5ir>s the differences between tfur^sgcnlc knockoLit mice and * f * 

iKt'ir wild-type controls, while providing critical inforiDatfon about gene function and cxpres- i f 

sior>. This volume recogniics that newly identified genes Can provide useful insrghts into brain : f 

functioning, including brain malfunctioning in disease stales. Written by a woild-renowrxed ( * 

expert in the field, the material also covers: ; ' 

• Hdvv to generate a transgenic or kaockout mouio 

• Motor functions (open field, holeboard, rota rod, balance, grip, ciircadian activity, etc.) 

• Sensory abilities (olfaction, vision, hearing, taste, toojch. nociception) 

• Reproductivobehavior. social behavior, and emotional behavior : j 

Researchers rn neurosciencc. pharmacolosy, genetics, developmental biology, and cell biology \ ] 

will all find this book essential rc-ading. \ ; 
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Predicting drug action using mouse knockouts was pioneered by Lexicon; five years 
later the full potential of gene knockout technology is beginning to be realized. In 
combination with comprehensive physiological analysis, the technology delivers 
novel, in v/Vo-validated targets with the potential for the discovery of breakthrough 
therapeutics. 



Innovation in lUe phamiaceuttcal industrv 
depends on breaMhrtmgh biological dis- 
coveries lhal reveal new targets for tnera* 
peutic inlerventpon. TticsG ftew targets 
must provide potent new mechanisms 
Bciion to WocV. disease by creating lavor- 
at>le Blterations in physidogy withcxut 
unclesirBt^te s^de effects- in vjVo methods o4 
target valldiation using gene knockouts 
have revealed tatly rare and valuable 
tar^fe. Thts fact stands in direci contrast 
10 the popular myth that the human 
genome ccwtalnj thousands of viabte drug 
targets. It seems that a simple truth has 
\mn at! but foffgoRen \n the pursuit of 
ifiua-hign-tftroughptit drug disco/eiy; it is 
the quality ol new targets not the quantity 
thai holds promise for replenishing the 
pharmaceutical industry's dfisg discovery 
pipeline. 

There is plenty of &videnc« Ihat mone is 
not necBs&arity better. The pharmaceutical 
industry spends $10 billion eacft year on 
research and development - three times 
more than a decade ago - yet itte number 
of new dargs coming to mar^tet has iijot 
increased- Tl*e industr/s product innova- 
tior^ bottleneck is especially critical since 
$38.6 tHilion in bfand name dmgs will be 
comif*g off patent over the course of the 
next three years, creating a market void 
that drug makers are not prepared io fill. 

Physiology nnust gutde discovery 

To replenisli prodtKl pipelines, the ii>dus- 
try Is looking io biotBchnology companies 
to accelerate the identilicatior* and valida- 
tion of new targets. In order to discover 
which gerses among thousands encode 



breaikihfough targets, industry scientists 
must conduct rigofous physiological 
assessments to determtrie which targets to 
ellmlnete ami which to pursue. Only those 
targets that demonstrate the potential to 
maximize therapeutic effecu and minimize 
side effects shoufd be pursued, thereby 
redudng ttie tailure rate ami increasfjig tt^e 
overall efficiency 0* the drug discovery 
process. 

Since a therapeutic alteration in 
physioto^gy Is the desired endpo^nt of drug 
discovery, overly reductionist approaches 
that i^ns the co«iplcxity o( mammatian 
physiology are irtevitat>ly doomed to 
failure^ Computer modeHng. DNA mlcroar- 
rays, proleomics and lower model 
organisms cannot encompass the 
complexity of mammalian physiotogy and 
may actually distract researchers from a 
more productive pathway to discovery. 
Even hiuman genetic studies may be protK- 
lematlc. since tfriey are nwre Hlosry to reveal 
genes thai cat^e disease rather than drug 
targets for future cures. 

Just as drvgs must acl v/tthcn the 
cofvtext of physiology, novel daig targets 
must be validated vMhin the contejrt of 
mammalian physlo^o©" before precious 
resources ane ft>spended to develop drugs. 
Grounding genomics In the discipline of 
physiology car* toease success rates, 
enharw:© product pipeJlnes and create safer 
and superior therapeutics, as v/ell as 
reduce the ©lOfmous amounl of time and 
capital expended for the discovery end 
developrnem o^ a drug, Those companies 
v/l*o are equipped to rapidly and effectively 
ihtixgrate pTnyslologlcal information into the 



target selection process will dominate the 
next gerveration ot suceesslul drug 
discoveries. 

Of knockout mice and men 

After a decade of using mouse k/iocKouts, 
the data on thear predictive power in drug 
discovery is irrefutabte. The top 100 
selling drugs in 2001 are directed only to 
^9 dnjg targets, many with multiple 
ageftts addressirtg the same target- 01 
these 29 targets^ 23 have been knocked 
out and rn every case the knockoal mous« 
was highty predktrve as to the on-target 
effects and side effects of the associated 
druigs. These observations !ay to rest earty 
theoretical concerns regarding the reliabil- 
ity of the mouse knockout technoloBy to 
recapitulate actions of dnigs in mam- 
malian model systems. The recent near 
completion of the genomic sequence of 
mouse and man, now available thmugh 
either public otf private ONA sequence 
databases, has <^firmed the high rate of 
genomic simllaflty between the t\vo organ- 
isms. Indeed, many decafdes of research 
have proved the mouse to be an in^/aluable 
tool for the valuation of bio^og<cai 
processes relevant to human- disease, 
including immunology, oncology, neurobl- 
otogy, cardiovascular bio4ogy. oOesit/ and 
many others. Well-establtshcd paraltels 
exist between humans and mice on cetlu- 
lar, bdochemical and physiological levels, 

tndustriallzjng discovery 

At t^xicosn Genetics mouse knockouts &re 
guiding researchers to disco-zer new Ihera- 
ipeutic agents which represent the ^est 
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phystQloBic switcJies ti^ the genome for tt*e 
treatment <rf disease. This has requi^etJ the 
industrialization of gene taigetiftg, 
trapping and mouse ' 
em&ryonlc stem cell 
technologies. £S 
wed as the &ulld-wp 
of significant sclerv- 
UfiC frtfrastnjctur&. 
This inlrastruclurB 
w\f\ allow the 
company to analyze 

5000 geives as mouse ttrocMJUts rn its 
GenomeSOOO prog/am tym the next frve 
years. Effo^ aie coflcentraied or the 
unknown function of ^no'^n gene f amities 
for which tKerapeuttc agents can be deveJ- 
oped through smalJ rsfwlecule chemistry, 
anODody or theraixevtic protein develop- 
mtt\i These gene families Include G 
proteln^coupied receptors, kinases, pro^ 
teases, ion channels^ secreted p*otebs, 
transporters and other key cnryme classes. 
Gene targeting by homoto^ows rsoombi na- 



tion combined with gene trapping maxi- 
mizes both aeiectivity and thfoughpot for 
large-scale, /n vivo target validation. 



The company has employed a compne- 
hensive, in vivo analysis of candidate dajg 
ta^lget5 thai has beef> modefed after clinical 
evaluation. Genes analyzed in this way are 
subject to a superior level of m vivo anary* 
sis, including physloiogicai function and 
potctitiai disease iftdication. orovMiivg a 
lobust pipeline of high-value targets. Ti»is 
approach has already ptwoC s^^coessful In 
extracting vital intornriatio?> about the 
Ijotenlial medical litilHy of several fiew 
targots in al^m»;b^is, diabetes, obesity 



and CI^S disease, among others, lejticon's 
physlotoglcal aftalysis utilizes a /^ide range 
of the latest medical technologies, inciud- 
^ing mtenshre ana-" 
iyti'cal procedures 
«uch as the CAT 
scan for organ 
system visualiza- 
tion, dual energy X- 
ray abcsorptiofnetry 
for measurement of 
percentage fat and 
lean body mass and bone mineral density, 
functional magnetic resonance imaging, 
which ai>oxvs h vivo neurochemical ami 
cairdlac analysis, cilrtlcal blood and urine 
cJtemistries. complete blood odl counts, 
fluorescent-activated cell sorting, coil-cycle 
analysis and neiirobehavioral testing. 
HIstopathotogicaJ and gene expressiom 
surveys o< 55 tissues provide cellular and 
gemo (K(.pross»on data (or additional Mot- 
motion. Oiseaso challenge models may 
also be used when )ndk:ated to matntain a 




Computef mwltHirig, ONA mfcKMrrayj, pn/^mk% towcf modd ofRJiniani cannot Bflcomp*u th« comptetlty of mammalian ptiysidogy and may 
actually distract ivieiifchea ftxm a ttittre prdductlvti pathway to dHcorMry. 
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high degree erf seftsUtvlty, enabling the 
detection of mbtle phenotypes thai nnay bo 
of sr^nificant m&dtcal value. 

The phenotype derfvod from the knock- 
out of a specific gene reveals both the 
potential tfteidpeutic value as m\\ as othar 
larget-spectfic skJe eff(ects Oiat may be 
anticipated for a small molecule inhibitor 
of that target. 
For instance, a 
target may 
display ttiera- 



action by precMiging the activity of highly 
specilic antagonists in viVo. This informa- 
iBon Is critical when making decisions 
regarding target prioritizatioo lor a drug 
discovery enterprise. Since knockout mioe 
hjve been shwm to model drug activity, 
they piovid« an unprecedented level d 
predictive power over the drug discovery 



'yT&hop idO seliJng drugs in 2(k)i ar&'^^ to sr^me ,29 drug 

/ar^eii, many with rfiuttipk dgehts dddressfng the same tafgei, 0fftiese 29 




for renal iunc- 

tion. Without a mammalian knockout 
model, these deteterious target-specific 
side effects might not be observed until 
after significant amounts of time and 
resources have been spent on developing 
small-molecule compounds and testing 
them In preclinfcal or clinical development. 
When e drug prodwes a deleterious effect 
that was not observed in the knockout 
animal, it suggests that further opltmlza* 
tion o4 the compound's specificity worth- 
white. The ability to produce strong 
preclinical data to support efficacy and 
lack d deleterious side effects for a no^rel 
target and corresponding lead compound 
furihei legitimizes the value ot a drug dis- 
covery program and provides confidence to 
move ahead aggressively in devetopment. 

Predicting breakthrough therapeutics 

Gene knockouts can be viewed as model- 
ing the biological mechanism of daig 



process and can be extremely valuable to 
the pharmaceutical and biotechnology 
irwJustries. With the effective use of nwuse 
knockout technology, expensive drug dis- 
covery activities such as high-throughput 
screening, medicinal chemistry, preclinical 
research and clinical trials can be focused 
on the dajg targets that are most likety to 
lead to breakthrough therapeutics. 

Hypothesis-driven gsne targeting aruS 
gene trapping place physiology and thera- 
peuiEc potential at the forefront of the drug 



discovery process and will provide primary 
data on Iho ptiysiological function ol virtu- 
alPy all members of *(lru6able' gene famities 
over the next tew years. Hov/ever, the full 
power of knockout mouse technology can 
or\ly be realized when the predictive nature 
of knockout mouse p^enotypes is applied 
early in the dnjig discovery process. The 
combination of mouse 
gene knockout technol- 
ogy and comorehensfve 
physiological analysis 
will provide Tt^e phar- 
mvaceullcal Industry 
with novels if) viS^-vaJi^ 
dated targets with clear 
potential lor the discov- 
ery of brealdhiough therapeutics. 

Arthur T Sands MD, PhD 

President & CEO 

Lexicon Genetics Inc 

8800 Technotogy Forest Place 

The Woodlands 

TX 77381-n&0 

USA 

Email: asands@lexEen.com 
^/ww. texgen.com 
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\ iSales & Marlietinjg Strategies for Phafma; Europe; 18-20 Sep, Amsterdam , 
, ; Sales & Markelirigfor Phar^ USA, 9-11 Oct* PhHadelphla, PA^ USA 

;Tbese'tvvo'coi>ferelic8s/ tfi^^^ strategic : Ptianma sales and marketing 

r * forurTis; ' toilovtf 'l5|,^it)ilar^lBh-leyer eyeforil^iaifm^ evWS^ team h^^ 

:'.augfriontlsales and^rferkeflng , success in tfte US and Europe tfirougjh eJficierrt 
r ' and essehtiarlrilegratj^ af»cl;prof^6*nai cusW^f relatkiflship martagstnent. Structured to 

irtclude t\^)o' days of pnasentatioris from leadioe i ridustry exeicufives. anid" drie day dt highly interactive .workshi^s. 
* this cdfiference v/iitgrve you strategic insr|[hts to increase campaign success,, bolster profits amJ help maintain a 
v^ drMngxompethlve ach/antage. *. ; ' ^'-z^*^' * ? ■ ' ' ' ' •; . \: ■: • 

^' ' mm/eyeforpharmh.oofn ' ' . . i ' : * ' . 
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